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Massachusetts Avenue District
Bulk Substation Transformer Qutages

Distribution Supply Line Qutages

Thermal Results and Remedial Switching Actions




PAGE 2 OF 71

2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #2 HAWKINS STREET

Hawkins Street Station #2 supplies all or parts of the Beacon Hill, Charles Circle, West End and
Government Center regions of the City of Boston. In the summer of 2002 the Hawkins Street Station
#2 load was 82 MVA.

Hawkins Street Station #2 consists of the following transformers:
Transformer #110A:General Electric 75/ 84 MVA 110kV to 13.8/ 13.8 kV
Transformer #110B:General Electric 75/ 84 MVA 110kV to 13.8/ 13.8 kV

Hawkins Street Station #2 total capacity is 168 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 93 MVA for each of these transformer banks. The station has a firm capacity of
93 MVA. As a secondary network station there is no transfer switching capability to adjacent
network stations. Hawkins Street’s load carrying capability (i.e. firm capacity + transfer switching)
is 93 MVA.

Overload Ratings:

Transformer Nameplate 12 hour LTE, 90F Ambient 12 hour LTE. 110F Ambient
110A 75/ 84 MVA 107 MVA 100 MVA

110B 75/ 84 MVA 107 MVA 100 MVA

Station Capabilities:

Total Station Station Firm RADSEC Transfer  Manual Transfer Total LCC
Capacity (N) Capacity (LTL)
150 MVA 93 MVA¥*

Based upon loss of either 110A/250-517 line or 110B/250-516 line.

2004-2008 Projected load:

2004 2005 2006 2008

Switching Actions:

Loss of Transformer #110A and the 250-517 Line:

Open: OCB’s 2 & 3 (@ Mystic
Circuit Switcher CS771
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110A-1 and 110A-3 13.8kV Secondary Circuit Breakers

Close: The ABR scheme closes the normally open section #1 to tie bus breaker.
OCB’s 2 & 3 @ Mystic are manually closed.

Loss of Transformer #110B and the 250-516 Line:

Open: OCB’s 9 & 10 @ Mystic
Circuit Switcher CS770
110B-2 and 110B-4 13.8kV Secondary Circuit Breakers

Close: The ABR scheme closes the normally open section #1 to tie bus breaker.
OCB’s 9 & 10 @ Mystic are manually closed

The description above assumes circuit switchers CS-772 and CS-776 are open at Chatham St.

Summary of Concerns:
1. Hawkins Street Station #2 is overloaded under contingency conditions (2006)
2. Network feeders overloaded under contingency conditions (2004-2005)

Without any significant major development projects during 2004-2008, the Hawkins Street Supply
region is projected to experience meager load growth; approximately 0.8% annual load growth.
Based on load projections, by the summer of 2006 for a single-contingency outage of either
transformer 110A or 110B, Hawkins Street Station #2 will exceed the firm capacity. The new load
will strain the capability of Hawkins Street #2°s substation and distribution infrastructure to support
the customer load requirements. Since Hawkins Street Station #2 is a secondary network station the
load at risk is the entire station 94 MW.

Distribution Systems
DSS Lines
Hawkins Station #2 supplies the Mass General line group.

The Mass General Line Group consists of DSS lines 575-211, 575-212, 575-213 and 575-214. The
line group supplies Mass General Customer Station #575. Upon the loss of either DSS line, the
remaining DSS line will not exceed the long-term emergency capacity (LTE), based on 2004-2008
peak load projections.

DSS % of LTE - % MVA at LTE - % MVA at Risk

Line Normal Load at Risk 2004 Load at Risk 2008
2004 Risk 2004 2008

575-211 54% 0% 0 0% 0

575-212 60% 0% 0 0% 0

575-213 68% 0% 0 0% 0

575-214 56% 0% 0 0% 0

14 kV Network Feeders

There are sixteen network feeders supplied from Hawkins Station #2. By the summer 2004 network
feeder 2-1N33 will exceed the 100% normal rating and two other feeders will be heavily loaded
exceeding 90% of normal rating. The following table summarized the performance of the network
feeders.
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14kV % of Projected % Projected%
Network Normal of Normal of Normal 2008
~ Lines 2002 2004 " T
2-1N11 64% 71% 74%
2-1N12 16% 68% 66%
2-1N14 86% &7 100%
2-1N15 57% 61% 67%
2-1N21 50% 56% 58%
2-1N23 22% 24% 25%
2-1N25 56% 63% 65%
2-1N26 85% G5 PR,
2-1N30 63% 70% 72%
2-1N33 s 106% 109%
2-1N34 39% 44% 45%
2-1N35 53% 59% 61%
2-1N41 64% 72% 74%
2-1N43 69% 77% 80%
2-1N44 57% 63% 66%
2-1N4s 46% 51% 53%

'Loading on Hawkins Street Network Feeders.

Proposed Integrated Plan

Chatham Street Station #12 has approximately 10 MV A of spare transformer capacity and several spare
feeder positions to support load growth. The plan would be to cut-over (i.e. transfer) small segments of
the Secondary Network Vaults and/or Tertiary Network Vaults within the Beacon Hill/Government
Center supplied by Hawkins Street Station #2 to Chatham Street Station #12. This solution would
transfer up to 5-10 MVA of load from Hawkins Street Station #12 to Chatham Street Station #12 and
reduce the loading of Hawkins Street Station #2 below its firm capacity of 93 MVA.

The heavy loading conditions on the network feeders will be addressed by extending and reconductoring
feeders within the network.

.. Station#12. -

Actlon " Year Cost
e S e heeded

= Reconductor and extend 2-1N12 to relieve 2-1N14 2004 $200K

= Reconductor and extend 2-1N34 to relieve 2-1N33 2004 $150K

= Reconductor and extend 2-1N23 to relieve 2-1N26 2005 TBD

= Reconductor 2-1N30 to relieve 2-1N30 2005 TBD

= Relieve Hawkins Street Station #12 by load transfer to Chatham Street 2006 TBD
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #4 “L” STREET

The L Street Station #4 and the new K Street Station #385D serve the South Boston section of
Boston. L Street Station 4 (115/14 kV) serves a power supply area consisting of South Boston and
the non-network load within portions of the South Station and Back Bay sections of the City of
Boston. During the Summer 2002, the L Street Station 4 peak load was 113 MVA. L Street Station
#4 consists of four 115/13.8 kV transformers. The station has a firm capacity of 140 MVA. There is
no transfer switching to adjacent substations. L Street’s load carrying capability (i.e. firm capacity +
transfer switching) is 140 MVA. Upon completion of the K Street project, most of the L Street
Station #4 load will be transferred to the new K Street Station #385D. The L Street Station #4
transformer 110C and 110D will be retired and L Street’s firm capacity will be reduced to 84 MVA
and projected peak load in 2004 will be reduced to 9 MVA (See discussion for K Street #385D).

Upon the completion of Phase 2 of the new K Street Station #385D, L Street Station #4 consists of
the following transformers:
Transformer #110A:Westinghouse 75 /84 MVA 110kV to 13.8/ 13.8 kV
Transformer #110B:Westinghouse 75/ 84 MVA 110kV to 13.8 /13.8 kV

Overload Ratings:

Transformer Nameplate [2 hour LTE. 90I' Ambient 12 hour [.TE. 110FF Ambient
110A 75/ 84 MVA 102 MVA 96 MVA
110B 75 /84 MVA 102 MVA 96 MVA

Station Capabilities:

Total Station Station Firm RADSEC Transfer  Manual Transfer Total LCC

Capacity (N) Capacity (LTL)
168 MVA

2004-2008 Projected load:

9 MVA 9 MVA 10 MVA 10 MVA 10 MVA

Switching Actions:

Loss of Transformer #110A:

Open: Circuit Breakers #5 and #6 at Station 385 K Street
Disconnect Switch #T730 at Station 385 K Street
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Both 110A Main 13.8kV Circuit Breakers at Station 4 L Street
Close: Bus Tie Breakers operate normally open, manually close switches.
Circuit Breakers #5 and #6 at Station 385 K Street to close ring bus

Loss of Transformer #110B:

Open: Circuit Breakers #7 and #8 at Station 385 K Street
Disconnect Switch #T731 at Station 385 K Street
Both 110B Main 13.8kV Circuit Breakers

Close: Bus Tie Breakers operate normally open, manually close switches.
Circuit Breakers #7 and #8 at Station 385 K Street to close ring bus

Summary of Concerns: L Street

1. Age and condition of L Street Substation equipment (Part of the justification for the K
Street Station #385D, Refer to K Street Station #385D)
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #12 CHATHAM STREET

Chatham Street Station #12 supplies all or parts of the Government Center, “Fanuel Hall” and North
End regions of the City of Boston. In the summer of 2002 the Chatham Street Station #12 load was
93 MVA.

Chatham Street Station #12 consists of the following transformers:
Transformer #110A: McGraw-Edison 37.5/50/62.5 MVA 115kV to 14.4 kV
Transformer #110B: McGraw-Edison 37.5/50/62.5 MVA 115kV to 14.4 kV
Transformer #110C: McGraw-Edison 37.5/50/62.5 MVA 115kV to 14.4 kV
Transformer #110D: McGraw-Edison 37.5/50/62.5 MVA 115kV to 14.4 kV

Chatham Street Station #12 total capacity is 250 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 66.6 MV A for each of these transformer banks. The Mystic-K Street 115kV
lines 250-516 and 250-517 supply Chatham Street Station #12. The outage of one of these
transmission lines would result in the loss of two of Chatham Street transformers. The station has a
firm capacity of 133 MVA. As a secondary network station there is no transfer switching capability
to adjacent network stations. Chatham Street’s load carrying capability (i.e. firm capacity + transfer
switching) is 133 MVA.

Overload Ratings:

Transformer Nameplate [2 hour LTE. 90F Ambient 12 hour LTE. 110FF Ambient
110A 37.5/50/62.5 MVA 77 MVA 72 MVA
110B 37.5/50/62.5 MVA 77 MVA 72 MVA
110C 37.5/50/62.5 MVA 77 MVA 72 MVA
110D 37.5/50/62.5 MVA 77 MVA 72 MVA

Station Capabilities:

Station I'irm RADSEC Transfer  Manual Transfer Total LCC

Capacity (1.TE)

Total Station

Capacity (N)
150 MVA 133 MVA* 133 MVA

*Based upon loss of 110A, 110B and 250-516 line or 110C, 110D and 250-517 line.

2004-2008 Projected load:

112 MVA 113 MVA 114 MVA 118 MVA 123 MVA

Switching Actions:

Loss of Transformer #110A, 110B and 250-516 Line
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Open: OCB’s 14 & 15 @ K Street

Circuit Switcher CS770 and CS773

Main 110A and 110B 13.8kV Secondary Circuit Breakers
Close: Nothing, bus ties operated closed

Manually close OCB’s 14 & 15 @ K Street

Manually close CS773 and 110B 13.8 KV Secondary Breakers

Loss of Transformer #110B, 110A and 250-516 Line

Open: OCB’s 14 & 15 @ K Street

Circuit Switcher CS773 and CS770

Main 110B and 110B 13.8kV Secondary Circuit Breaker
Close: Nothing, bus ties operated closed

Manually close OCB’s 14 & 15 @ K Street

Manually close CS770 and 110A 13.8 KV Secondary Breakers

Loss of Transformer #110C, 110D and 250-517 Line

Open: OCB’s 16 & 17 @ K Street

Circuit Switcher CS774 and CS777

Main 110C and 110D 13.8kV Secondary Circuit Breakers
Close: Nothing, bus ties operated closed

Manually close OCB’s 16 & 17 @ K Street

Manually close CS777 and 110D 13.8 KV Secondary Breakers

Loss of Transformer #110D. 110C and 250-517 Line

Open: OCB’s 16 & 17 @ K Street

Circuit Switcher CS777 and CS774

Main 110D and 110C 13.8kV Secondary Circuit Breaker
Close: Nothing, bus ties operated closed

Manually close OCB’s 16 & 17 @ K Street

Manually close CS774 and 110C 13.8 KV Secondary Breakers

The descriptions above assume CS772 and CS776 are open at Chatham St.

Summary of Concerns:
1. Network feeder overloaded under contingency conditions (2005)

2. Upon the relief of Hawkins Street Sta #2 to Chatham Street Station #12 will be near the
station’s firm capacity (2008)

The Government Center, Fanuel, and North End region is a highly mixed area including office
buildings, hotels, residential apartments and condominiums, retail shops, restaurants and
entertainment that maintain a lively set of activities both day and evening. Much of the impetus for
the continued development comes from the region’s being a vibrant and economically active portion
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of the city of Boston. The Mass General Hospital development will significantly increase the load
within this region.

Based on load projections, by in the summer of 2008 for the contingency outage of two transformers,
Chatham Street Station #12 will be heavily loaded at 95% of the firm capacity. A load transfer of 5-
10 MVA from Hawkins Street Station #2 to Chatham Street Station #12 would increase the loading
on Chatham Street Sta #12 to 96%-100% of firm capacity.

Distribution Systems
DSS Lines
Chatham Station #12 supplies the Central Artery Vent Building #4 line group.

The Central Artery Vent Building Line Group consists of DSS lines 502-1254 and 501-1274. The
line group supplies Central Artery Customer Station #502, Vent Building #4. Upon the loss of either
DSS line, the remaining DSS line will not exceed the long-term emergency capacity (LTE), based on
2004-2008 peak load projections.

DSS % of LTE-% MVA at Risk LTE - % MVA at Risk

Line Normal Load at 2004 Load at 2008
2004 Risk2004 = Risk2008

502-1254 56% 0% 0 0% 0

502-1274 56% 0% O 0% 0

14 kV Network Feeders

There are twenty-three network feeders supplied from Chatham Station #12. By the summer 2005
network feeder 12-1N318S will be heavily loaded exceeding 90% of normal rating. The following
table summarized the performance of the network feeders.

14kV % of Projected % . o

Network Normal of Normal of I::::: :It(;?)(/)%

Lines 2002 2004 T T
12-IN11S 36% 44% 48%
[2-IN12N 40% 48% 53%
12-IN13W 58% 70% 77%
12-1N21S 67% 81% 88%
12-1N22N 41% 49% 54%
12-1N23W 68% 81% 89%
12-1N31S 73% 88% G797
12-1N32N 54% 65% 72%
12-IN33W 22% 27% 29%
12-1N41S 63% 76% 83%
12-1N42N 42% 51% 56%
12-1N43W 54% 65% 72%
12-1N44N 60% 72% 79%
12-IN5SIS 40% 48% 53%
12-1NS2N 33% 40% 44%
12-1N53W 54% 66% 72%

12-IN61S  44% 53% 58%

B T pron E R e SRV B T e
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12-1N62N 50%
12-1N71S 54%
12-1N72N 56%
12-IN73W 31%
12-IN81S 58%
12-1N82N 64%

Loading on Chatham Street Network Feeders.

Proposed Integrated Plan

Chatham Street Station #12 has approximately 10 MVA of spare transformer capacity and several spare
feeder positions to support load growth. The plan would be to cut-over (i.e. transfer) small segments of
the Secondary Network Vaults and/or Tertiary Network Vaults within the Beacon Hill/Government
Center supplied by Hawkins Street Station #2 to Chatham Street Station #12. This solution would
transfer up to 5-10 MVA of load from Hawkins Street Station #12 to Chatham Street Station #12 and
reduce the loading of Chatham Street Station #21 to 96%-100% of the firm capacity.

The heavy loading conditions on the network feeders will be addressed by extending and reconductoring

feeders within the network.

Action

Reconductor feeder section of 12-1N31S

60%
65%
68%
37%
70%
78%

66%
71%
75%
41%
77%
85%
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #53 HIGH STREET

High Street Station #53 supplies all or parts of the Financial, South Station districts and the
downtown Boston Waterfront region of the City of Boston. In the summer of 2002 the High Street
Station #12 load was 87 MVA.

Prior to the 2003 summer cut-over (i.e. transfer) the Secondary Network Vaults and Tertiary Network
Vaults within the Leather District presently supplied from Kingston Street Station #514N to High
Street Station #53. This project transferred 18 MVA of load from Kingston Street Station #514N to
High Street Station #53 and restores the Leather district to its original (i.e. pre-Central Artery)
distribution network configuration and station supply. The cost of this work was reimbursed by the
Central Artery project. The load transfer from Kingston Street Station #514N to High Street Station
#53 will increase the Financial, South Station districts and the downtown Boston Waterfront region
region’s load by 18 MVA.

High Street Station #53 consists of the following transformers:
Transformer #110A: General Electric 37.5/50/62.5 MVA 117 kV to 14.4 kV
Transformer #110B: General Electric 37.5/50/62.5 MVA 117 kV to 14.4 kV
Transformer #110C: General Electric 37.5/50/62.5 MVA 117 kV to 14.4 kV
Transformer #110D: General Electric 37.5/50/62.5 MVA 117kV to 14.4 kV

High Street Station #53 total capacity is 250 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 69.4 MVA for each of these transformer banks. The Kingston-K Street 115kV
lines 385-510 and 385-511 supply High Street Station #53. The outage of one of these transmission
lines would result in the loss of two of High Street transformers. The station has a firm capacity of
139 MVA. As a secondary network station there is no transfer switching capability to adjacent
network stations. High Street’s load carrying capability (i.e. firm capacity + transfer switching) is
139 MVA.

Overload Ratings:

Transformer Nameplate [2 hour LTE. 90F Ambient 12 hour LTE. [ 10FF Ambient
110A 37.5/50/62.5 MVA 80 MVA 75 MVA
110B 37.5/50/62.5 MVA 80 MVA 75 MVA
110C 37.5/50/62.5 MVA 80 MVA 75 MVA
110D 37.5/50/62.5 MVA 80 MVA 75 MVA

Station Capabilities:

Total Station Station Firm RADSEC Transfer  Manual Transfer Total [.CC

Capacity (N) Capacity (LTE)
150 MVA 139 MVA* 139 MVA
* Based upon loss of 110A, 110B and 385-510 line or 110C, 110D and 385-511 line.
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2004-2008 Projected load:

108 MVA 109 MVA 110 MVA 110 MVA 111 MVA

Switching Actions:

Loss of Transformer #110A also isolates the 385-510 Line, 110B and the 110A @ Kingston St

Open: OCB’s 10 & 11 @ K Street
OCB’s 8 & 9 @ Kingston St
Circuit Switcher CS771 (110A) @ Kingston St
Circuit Switcher CS770 and CS773
Main 110A and 110B 13.8kV Secondary Circuit Breakers
Close: Nothing, bus ties operated closed
Manually close OCB’s 10 & 11 @ K Street
Manually close OCB’s 8 & 9 @ Kingston St
Manually close CS771 and restore transformer 110A @ Kingston St
Manually close CS773 and restore transformer 110B @ High St

Loss of Transformer #110B also isolates the 385-510 Line, 110A and the 110A @ Kingston St

Open: OCB’s 10 & 11 @ K Street
OCB’s 8 & 9 @ Kingston St
Circuit Switcher CS771 (110A) @ Kingston St
Circuit Switcher CS773 and CS771
Main 110B and 110A 13.8kV Secondary Circuit Breaker
Close: Nothing, bus ties operated closed
Manually close OCB’s 10 & 11 @ K Street
Manually close OCB’s 8 & 9 @ Kingston St
Manually close CS771 and restore transformer 110A @ Kingston St
Manually close C8771 and restore transformer 110A @ High St

Loss of Transformer #110C also isolates the 385-511 Line, 110D and the 110B @ Kingston St

Open: OCB’s 17 & 18 @ K Street
OCB’s 6, 10 & 11 @ Kingston St
Circuit Switcher CS770 (110B) @ Kingston St
Circuit Switcher CS774 and CS777
Main 110C and 110D 13.8kV Secondary Circuit Breaker
Close: Nothing, bus ties operated closed
Manually close OCB’s 17 & 18 @ K Street
Manually close OCB’s 6, 10 & 11 @ Kingston St
Manually close CS770 and restore transformer 110B @ Kingston St
Manually close CS777 and restore transformer 110D @ High St



PAGE 16 OF 71

Loss of Transformer #110D also isolates the 385-511 Line, 110C and the 110B @ Kingston St

Open: OCB’s 17 & 18 @ K Street
OCB’s 6, 10 & 11 @ Kingston St
Circuit Switcher CS770 (110B) @ Kingston St
Circuit Switcher CS777 and CS774
Main 110D and 110C 13.8kV Secondary Circuit Breaker
Close: Nothing, bus ties operated closed
Manually close OCB’s 17 & 18 @ K Street
Manually close OCB’s 6, 10 & 11 @ Kingston St
Manually close CS770 and restore transformer 110B @ Kingston St
Manually close CS774 and restore transformer 110C @ High St

SummarLOf Concerns:
1. Network feeders overloaded under contingency conditions (2004-2006)

Without any significant major development projects during 2002-2008, the High Street Supply region
is projected to experience meager load growth; approximately 0.7% annual load growth. As a result
of this small load growth based on the existing load forecast, the High Street Station #53 will support
the forecasted load growth in the supply region through 2008. In the summer of 2008 for the
contingency outage of two transformers, High Street Station #53 will be loaded at 80% of the firm
capacity.

Distribution System

14 kV Network Feeders

There are twenty-four network feeders supplied from High Street Station #53. By the summer 2004
most of the network feeders supplying the east grid will be heavily loaded exceeding 90% of normal
rating. Three of the east grid feeders, 53-1N23E, IN52E and IN81E will exceed 100% of normal
ratings. The following table summarized the performance of the network feeders.

14kV % of Projected % Projected%

Network Normal of Normal of Normal 2008
~Lines 2002 2004 °" o
53-IN11E Syl S 102%
53-1N12E 64% 66% 68%
53-IN13W 57% 59% 61%
53-1N21 21% 50% 51%
53-1N22E 73% 75% 77%
53-1N23E 103% 106% 109%
53-1N31S 26% 53% 54%
53-1N32E F7 Yy Ggy94,
53-IN33W 18% 18% 19%
53-1N418S 23% 54% 55%
53-1N42E R S8 100%
53-1N43W 27% 27% 78%
53-1NS5SIS 23% 61% 62%

53-1N52E 104% 107% 110%



PAGE 17 OF 71

53-INS3W  47% 49% 50%
53-IN6IS  19% 49% 51%
53-IN62E  75% 7% 79%
53-IN63W  46% 47% 48%
53-IN71S  32% 85% 87%
53-INT2E 89% I 34%
53-INT3W  62% 64% 66%
53-IN8IS  15% 15% 16%
53-INSIE  114% 117% 121%

(53-INS2W  17% 17% 18%

A S A R

Loadihg;;wl ngh Street Network Feeders.

Proposed Integrated Plan

High Street Station #53 has approximately 18 MVA of spare transformer capacity and several spare
feeder positions to support load growth. The heavy loading conditions on the network feeders especially
supplying the east grid within the High Street Station #53 network will be addressed by extending and
reconductoring feeders within the network.

¥ b e e e e T L AT n e P e [P —_ - - P

) Year Cost

Adlon o needed
Reconductor feeder section of 53-1N11E 2004 $25K
Reconductor and reconfigure 53-1N32E 2004 $150K
Reconductor the feeder section of 53-1N71S 2005 TBD

- Reconductor and Reconfigure 53-1N42E 2006 TBD
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #71 CARVER STREET

Carver Street Station #71 supplies all or parts of the Back Bay and Theater District regions of the
City of Boston. In the summer of 2002 the Carver Street Station #71 load was 74 MVA

Carver Street Station #71 consists of the following transformets:
Transformer #1 10A:  Westinghouse 75/ 84 MVA 110 kV to 13.8/13.8 kV
Transformer #110B:  Westinghouse 75 /84 MVA 110 kV to 13.8/13.8 kV

Carver Street Station #71 total capacity is 168 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 87 MVA for each of these transformer banks. The station has a firm capacity of
87 MVA. As a secondary network station there is no transfer switching capability to adjacent

network stations. Carver Street’s load carrying capability (i.e. firm capacity + transfer switching) is
87 MVA.

Overload Ratings:

Transformer Nameplate [2 hour LTE. 90F Ambient 12 hour LTE, | OF Ambient
110A 75/ 84 MVA 100 MVA 94 MVA
110B 75 /84 MVA 100 MVA 94 MVA

Station Capabilities:

Total Station Station Firm RADSEC Transtfer  Manual Transfer Total LCC

Capacity (N) Capacity (1.TE)
150 MVA 87 MVA*

*Based upon loss of either 110A/329-512 or 110B/329-513.

2004-2008 Projected load:

2004 2008

Switching Actions:

Loss of Transformer #1 10A also isolates the 329-512 Line and 110A @ Scotia St

Open: OCB’s 1 & 2 @ Kingston St
OCB’s 3 & 6 (@ Brighton
Circuit Switcher CS771 @ Scotia St
Circuit Switcher CS771
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Both 110A 13.8kV Secondary Circuit Breakers
Close: The ABR scheme closes the normally open section #1 tie breaker.
Manually close OCB’s 1 & 2 @ Kingston St
Manually close OCB’s 3 & 6 @ Brighton
Manually close CS771 and restore 110A @ Scotia St

Loss of Transformer #110B also isolates the 329-513 Line and 110B @ Scotia St

Open: OCB’s 4 & 5 @ Kingston St
OCB’s 9 & 12 @ Brighton
Circuit Switcher CS770 @ Scotia St
Circuit Switcher CS770
Both 110B 13.8kV Secondary Circuit Breakers
Close: The ABR scheme closes the normally open section #1 tie breaker.
Manually close OCB’s 4 & 5 @ Kingston St
Manually close OCB’s 9 & 12 @ Brighton
Manually close CS770 and restore 110B @ Scotia St

Summary of Concerns:
1. Network feeders overloaded under contingency conditions (2004-2008)
2. Carver Street Station #71 is overloaded under contingency conditions (2008)

The Back Bay/Theater districts continue to evolve through various development stages. The region
is a highly mixed area including office buildings, hotels, residential apartments and condominiums,
retail shops, restaurants and entertainment that maintain a lively set of activities both day and
evening. Much of the impetus for the continued development comes from the region’s being a
vibrant and economically active portion of the city of Boston. The anticipated development will
increase the load within this region.

Based on load projections, by in the summer of 2008 for a single-contingency outage of either
transformer 110A or 110B, Carver Street Station #71 will exceed the firm capacity. The new load
will strain the capability of Carver Street #71°s substation and distribution infrastructure to support
the customer load requirements. Since Carver Street Station #71 is a secondary network station the
load at risk is the entire station 88 MVA.

Distribution System

14 kV Network Feeders

There are twenty network feeders supplied from Carver Street Station #71. By the summer 2004
network feeders 71-1N11 and 71-1N12 will exceed the 100% normal rating and four other feeders
will be heavily loaded exceeding 90% of normal rating. The following table summarized the
performance of the network feeders.

FIEET0 RO T DAL SRS SN WO ST E xS i o el S eSS

14kV % of Projected % . o
Network Normal of Normal of ::::: :It;c(l)é)a
~ Lines 2002 2004 T T T T
71-1N11 Y, 103% 109%
71-1N12 BEVe 101% 107%

0.71-1N13 4% 4% 5%
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71-1N14 87% DE Ve 104%
71-1N15 16% 18% 19%
T1-1N21 72% 80% 85%
71-1N22 64% 71% 76%
71-1N23 73% 82% 87%
71-1N24 58% 65% 69%
71-1N25 12% 13% 14%
71-1N31 62% 69% 74%
71-1N32 14% 16% 17%
71-1N33 61% 68% 72%
71-1N34 88% 55 104%
71-1N35 55% 62% 66%
71-1N41 5% 5%
71-1N42 83% 95%
71-1N43 89% 105%
71-1N44 57% 68%
TIINS 64% 2% 76%

o R

‘ Lbadiﬁg on Carver Street Network Feeders.

Proposed Integrated Plan

The development of either a new Back Bay Network 115/14 kV station or the upgrade of Carver Street
Station #71 by replacing the existing transformers 110A and 110B with new larger 75/100/125 MVA
transformers and the installation of new distribution switchgear will provide capacity to relieve Carver
Street Station #71.

The heavy loading conditions on the network feeders will be addressed by extending and reconductoring
feeders within the network.

I AT U i St T S S AR 0 N SR e I i b . S o 2

. Year Cost
Action , R . meeded
Extend 71-1N41 2004 $150K
Extend 71-1N13 to relieve 71-1N11 and 71-1N13. 2004 $170K
Reconductor 71-1N12 2004 $25K
Reconductor and Reconfigure 71-1N43 2006 TBD
Reconductor and Reconfigure 71-1N42 2008 TBD
New Back Bay 115/14kV station or replace the Carver Street Sta #71 TBD

. 2008
_transformers with new larger transformers. ;

R ) Ol a1 ST S el Sk
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #106 ANDREW S QUARE
Andrew Square Station 106 serves a power supply area consisting of the City of Boston
neighborhoods of Mission Hill, Roxbury, the South End and portions of South Boston. During the
summer of 2002, Andrew Square Station 106 peak load was 142 MVA, 25 MVA of load will be
transferred to the new K Street Station 385D by summer 2004.

Andrew Square Station 106 consists of five 115/14 kV transformers.

Transformer #110A:Cooper Power Systems 24 / 32 / 44.5 MVA 117 kV to 14.4 kV
Transformer #110B: Cooper Power Systems 24 /32 / 44.5 MVA 117 kV to 14.4 kV
Transformer #110C: Cooper Power Systems 24 / 32/ 44.5 MVA 117 kV to 14.4 kV
Transformer #110D: Cooper Power Systems 24 / 32 / 44.5 MVA 117 kV to 14.4 kV
Transformer #110E: Pennsylvania 30/40/44.8 MVA 117 kV to 14.4 kV (in service spare)

Andrew Square Station 106 total capacity is 178 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 133.5 MVA. There is no transfer switching to adjacent substations. Due to a
transmission constraint on 483-524/525 Andrew Square’s load carrying capability is limited to 130
MVA.

Overload Ratings:

A\ A\

110A 24/32/44.5 MVA 44.5 MVA 44.5 MVA
110B 24/32/44.5 MVA 44.5 MVA 44.5 MVA
110C 24/32/44.5 MVA 44.5 MVA 44.5 MVA
110D 24/32/44.5 MVA 44.5 MVA 44.5 MVA

Station Capabilities:

Total Station Station Firm RADSEC Transfer  Manual Transfer Total LCC

Capacity (N) Capacity (LTL)
178 MVA 133.5 MVA* 0 MVA 130 MVA**

*Based upon loss of one transformer and activation of the 115 KV restoral scheme.
**The load carrying capability (LCC) is limited due to an n-1 constraint on transmission lines 483-524/525.

Station Load Forecast:

2004 2008

135 MVA 136 MVA 139 MVA 141 MVA

Switching Actions:

Loss of Transformer #110A:
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Open:OCB #1 (OCB #2 is normally open)
Circuit Switcher CS770
Main 110A 13.8kV Secondary Circuit Breaker
Close: ABR scheme closes 13.8 KV bus ties
Manually close OCB #1

Loss of Transformer #110B:

Open: OCB #3 (OCB #2 is normally open)
Circuit Switcher CS771
Main 110B 13.8kV Secondary Circuit Breaker
Close: ABR scheme closes 13.8 KV bus ties
Manually close OCB #3

Loss of Transformer #110C, 483-525 Line and 110B @ Dewar St

Open:OCB's 4 & 7 @ K Street
CS770 @ Dewar St (110B transformer)
OCB #1
Circuit Switcher CS772
Main 110C 13.8kV Secondary Circuit Breaker
Close: ABR scheme closes 13.8 KV bus ties
115 KV ABR scheme closes OCB #2
ABR scheme closes 13.8 KV bus ties @ Dewar St.
Manually close OCB’'s 4 & 7 @ K Street.
Manually close CS770 and restore 110B @ Dewar St

Loss of Transformer #110D, 483-524 Line and 110A @ Dewar St

Open:OCB’s 13 & 14 @ K Street
CS771 @ Dewar St (110A transformer)
OCB #3
Circuit Switcher CS774
Main 110D 13.8kV Secondary Circuit Breaker
Close: ABR scheme closes 13.8 KV bus ties
115 KV ABR scheme closes OCB #2
ABR scheme closes 13.8 KV bus ties @ Dewar St
Manually close OCB'’s 13 & 14 @ K Street
Manually close CS771 and restore 110A @ Dewar St
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Summary of Concerns: Andrew Square Region

For any transformer outage, remaining in-service transformers carry full station load of 134.0 MVA.
Total firm transformation of 133.5 MVA is exceeded by less than 1%, with approximately 0.50 MW
of load at risk of load shed for loss of a transformer. For the loss of either transmission line 483-524
or 525 Andrew Square’s load carrying capability of 130 MVA is exceed by 3%, with approximately
4 MW of load at risk of load shedding. There is no transfer capability with any other station from
Station 106 Andrew Square.

Transmission:
1. Loss of one of the K Street — Andrew Square — Dewar Lines (483-524/525) will exceed the
LTE limit of the remaining line starting in 2004,

Distribution:
1. Inadequate load carry capability, n-1 transmission limitation (2004)
2. Roxbury Network line group overloaded under contingency conditions (2004)
3. Humboldt Avenue line group overloaded under contingency (2004)
4. Veterans Hospital line group overloaded under contingency (2004)
5. South End line group overloaded under contingency (2004)
6. Boston University line group overloaded under contingency (2008)

Distribution Systems

DSS Lines

e The Roxbury Network line group is composed of DSS lines 399-119, 106-1N31H, 106-1N29H,
106-1N28H, and 106-IN18H. This line group supplies Roxbury neighborhoods via NSTAR
primary network units 8, 9, 16 and 21 and direct 13.8kV distribution the Roxbury area. Upon the
loss of lines 399-119, 106-1N31H, 106-1N28H, and 106-1N18H, one or more of the remaining
lines will exceed its long-term emergency capacity (LTE), based on the 2004 forecast.

e The Humboldt line group is composed of DSS lines 143-76H, 143-75H, 143-151H and 143-
109H. This line group serves supplies the Roxbury neighborhoods adjacent to Franklin Park via
NSTAR Station 143 and direct 13.8kV distribution. Upon the loss of 143-76H and 143-151H, the
one or more of the remaining lines will exceed their long-term emergency capacity (LTE), based
on the 2004 forecast.

e The South End line group is composed of DSS lines 528-169H, 318-97,318-174H, 318-173H,
and 318-129H. This line group serves supplies the South End section of Boston via NSTAR
Station 318 and direct 13.8kV distribution. Upon the loss of 528-169H, 318-97, 318-174H, and
318-129H, one or more of the other lines will exceed their long-term emergency capacity (LTE),
this is based on 2004 forecast.

¢ The Veterans Hospital line group is composed of lines 304-150H and 304-77H. The line group
supplies the Jamaica Plain US Veterans Hospital and the New England Baptist Hospital, and was
found to N-1 supply issues in 2004 with the loss of 305-150H.

¢ The Boston University Medical line group is composed of lines 464-168H and 464-170H. The
line group supplies the Albany Street Boston Medical Center in Roxbury, and was found to have
N-1 supply issues in 2008 with the loss of 464-168H.

See the table below listing the loading of DSS lines in the Andrew Square area.
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DSS Line % of LTE - % MVA LTE - % MV-A at
at Risk
Normal Load at Risk Load at 2008
2004 Risk 2004 2004 Risk 2008
399-119 94% 8% 0.5 15% 1.0
106-1N31H 54% 15% 0.6 27% 1.1
106-1N29H 108% 0% 0 0% 0
106-1N28H 75% 8% 0.3 18% 0.8
106-1N18H 78% 28% 1.2 38% 1.8
143-76H 82% 32% 1.9 40% 1.0
143-75H 124% 0% 0 0% 0
143-151H 85% 82% 59 88% 6.7
143-109H 80% 0% 0 0% 0
528-169H 69% 2% 0.1 10% 0.6
318-97H 76% 10% 1.0 18% 1.0
318-174H 75% 2% 0.1 15% 1.0
318-173H 97% 0% 0 0% 0
318-129H 91% 0% 0 7% 0.4
304-77H 67% 0% 0 0% 0
304-150H 77% 3% 0.2 1% 0.8
464-170H 50% 0% 0 0% 0
464-168H T2% 0% 0 5% 14
Loading on Andrew Square DSS lines.
14kV Distribution

The 14kV distribution out of Andrew Square Station 106 is projected to have adequate capacity
through 2008.

14kV. %of  Projected%  Projected

Radial Line Normal of Normal % of Normal

.. .. 2002 2004 2008
106-H1 4% 24% 65%
106-H2 71% 73% 77%
106-H3 68% 70% 74%
106-H4 64% 66% 69%

- B e A B 3 AL o € s

Loading on Andrew Square 14kV radial lines.

4kV Substation

Andrew Square Station 106 feeds three 4 kV stations and the Roxbury Network made up of four
primary network units (PNU): The 4kV Stations: Humboldt Avenue Station 143, South End Station
318, Southampton Street Station 323 and the Roxbury Primary Network. The loads at three of the
four 4kV stations supplied by Andrew Square Station 106 are projected to decrease because of on-
going 4kV conversions. The 4kV conversions are addressing reliability and community concerns in
the areas served by these stations. The conversions of the Humboldt Avenue Station 143 and
Southampton Street Station 323 circuits will correct the heavy loading on the station transformers.
The table below summarizes the capacity of these 4 kV stations.

A e - -

4 kV Station 2002 LTE 2004 2008
Peak Capacity Projection Projection
i oo (MVA) - (MVA) - (MVA)  (MVA)
_Station143 89 8.4 7.2 4.7

AVRSSE T S s A TN A X AORN AT s DA
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Station 318 18 MW:W 21.1 .. 182 _ 1“6‘.’?; o
Station 323 6.1 6.0 5.7 6.0
_Roxbury Network 85 . 18.0 86 9.0

Loading on 4 kV stations fed from Andrew Square Station 106

Proposed Integrated Plan

The suggested actions listed in the table below will address all of the capacity concerns in the region.
The new K Street Substation with a final completion date of June 2004 and the proposed Colburn
Street Substation will have a significant impact on the substation and distribution capacity in the
Andrew Square supply area. The substation and associated distribution infrastructure will address all
of the Andrew Square supply area capacity needs for the next 5 years. The new stations will be
developed to provide expanded distribution and substation capacity to supply Andrew Square area
loads within City of Boston neighborhoods of Jamaica Plain, Roxbury, South End and South Boston.
The station relief provided by the new K and Colburn Street substations will provide the Andrew
Square Station with adequate substation capacity to need the area’s capacity requirements through
2008. The Andrew Square station relief will also alleviate the n-1 transmission over load condition
on the K Street — Andrew Square — Dewar Lines (483-524/525). The Colburn Street project will
address capacity issues on the Roxbury Network, Humboldt Avenue, Boston University Medical and
the South End line groups. New distribution circuit capacity will be install into the three line group
areas. The new distribution circuits will also create transfer capabilities between Andrew Square
Station 106 and the new Colburn Street Station 350, allowing for increased substation transformer
utilization. The Jamaica Plain Veterans Hospital line group will be re-supplied by Colburn Street
Station, correcting an n-1 supply issue.

B L B . B e e e v T S B KA ANl o s AR v A

A Year Estimated
ﬁéff{?t o e o _____needed Cost
_=. New Colburn Street Substation see Brighton Station 329 Area 2004 - 05

‘Recommended course of action for the Andrew Square Region
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #110 BAKER STREET

Baker Street Station 110 serves a power supply area consisting of West Roxbury, Dedham, and parts
of Canton, Newton, and Westwood. Baker Street Station 110 consists of two 115/13.8 kV step-down
transformers:

Transformer #110A: Westinghouse 75 MVA 110/ 66 /24.4 kV
Transformer #110B: Westinghouse 75 MVA 110/ 66/ 24.4 kV

Baker Street Station 110 total capacity is 150 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 89 MVA for each of these two banks. Station 110’s firm capacity is 89 MVA.
Baker Street Station 110 has approximately 12.5 MVA of transfer switching to Stations 470 Canton
and 148 Needham through the 24kV DSS system via Dedham Station 20. Baker Street’s load
carrying capability is 101.5 MVA.

Overload Ratings:

110A 75 MVA 113 MVA 106 MVA
110B 75 MVA 103 MVA 96 MVA

Station Capabilities:

Total Station Station I'irm RADSEC Transfer Manual Transfer Total L.LCC

Capacity (N) Capacity (LTE)
150 MVA 89 MVA 12.5 MVA 0 MVA 101.5 MVA

Station L.oad Forecast:

2004 2006 2008

Switching Actions:

Loss of Transformer #110A:

Open: Circuit Breakers #8 and #9
Main 24kV Circuit Breaker #6
Disconnect Switch #T730

Close: Nothing on 24KV side, bus ties normally operated closed.
Circuit Breakers #8 and #9 to close 115kV ring.
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Loss of Transformer #110B:

Open: Circuit Breakers #11 and #12
Main 24kV Circuit Breaker #9
Disconnect Switch #7731

Close: Nothing on 24KV side, bus ties normally operated closed.
Circuit Breakers #11 and #12 to close 115kV ring.

Transfer Switching:
While not required for the loss of either transformer, the transfer of the following circuits via
RADSEC switches may also be conducted for load relief:

Dedham 20-H3 to Canton 470-H1 via RADSEC MRU and Station breaker at Dedham Station #20 for
a transfer of 6.0 MVA.

Dedham 20-H6 to Needham 148-H6 via RADSEC MRU and RADSEC MRU for a transfer of 2.0
MVA.

Dedham 20-H1 to Needham 148-H3 via RADSEC MRU and Station breaker at Dedham Station #20
for a transfer of 4.5 MVA.

Total Transfer: 12.5 MVA

Summary of Concerns: Baker Street Region

For any transformer outage, the remaining in-service transformer carries the full station load of 83.0
MVA. The station has 15 MVA of transfer capability to Stations 470 Canton and 148 Needham
through the 24kV DSS system via Station 20 Dedham.

Without any significant major development projects during 2004-2008, the Baker Street Supply
region is projected to experience modest load growth, approximately 1.4% annually. As a result of
this small load growth based on the existing load forecast, the Baker Street Station 110 will support
the forecasted load growth in the supply region through 2008. In the summer of 2008 for the
contingency outage of two transformers, Baker Street Station 110 will be loaded at 84% of the load
carrying capacity.

Transmission:
Loss of double circuit tower line 110-522 & 240-510 overloads 110-510/511 (Baker-Washington
Tap 115 kV lines) (2004)

Distribution:

1. 24kV Dedham supply lines (Direct buried lines) have poor reliability 10 cable and joint
failures over the past 6 years
4kV Station 468 is overloaded under contingency conditions (2004)
4kV circuit 468-06 is over its normal rating (2004)
24 kV station Dedham Station 20 overloaded under contingency conditions (2006)
4kV circuits 374-02 and 468-08 are over their normal rating (2008)

b
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Distribution Systems

DSS Lines

* Baker Street Station 110 has five line groups; the Rockingham Avenue, Elliot Street, Corey
Street, Baker Street and Dedham line groups.

* The Rockingham Avenue Line Group consists of DSS lines 468-2408 and 468-2412. The line
group supplies NSTAR Rockingham Avenue Station 468. Upon the loss of a DSS line, the
remaining DSS lines will not exceed the long-term emergency capacity (LTE), based on the 2004
forecast.

o The Elliot Street Line Group consists of DSS lines 292-2401X&Y and 292-2402X&Y. The line
group supplies NSTAR Willow Street Station 516 and two normally open ties to Newton Station
292. Upon the loss of a DSS line, the remaining DSS lines will not exceed the long-term
emergency capacity (LTE), based on the 2004 forecast.

e The Corey Street Line Group consists of DSS lines 110-2110 and 443-2211. The line group
supplies NSTAR Corey Street Station 443 and one of the two transformers at customer Station
555 (U. S. Veterans Hospital). Upon the loss of either DSS line, the remaining DSS line will not
exceed the long-term emergency capacity (LTE), based on the 2004 forecast.

o The Baker Street Line Group consists of DSS lines 110-2109 and 374-2215. The line group
supplies NSTAR Baker Street Station 374 and one of the two transformers at customer Station
555 (U. S. Veterans Hospital). Upon the loss of either DSS line, the remaining DSS line will not
exceed the long-term emergency capacity (LTE), based on the 2004 forecast.

o The Dedham Line Group consists of DSS lines 20-2405, 20-2406 and 20-2407. The line group
supplies NSTAR East Street, Dedham Station 20 and TNV6100- West Roxbury High. Starting in
2004 upon the loss of any DSS line, the remaining DSS lines will exceed the long-term
emergency capacity (LTE), based on the 2004 forecast. There is adequate RADSEC transfer
capability off of the Dedham line group to adjacent stations to reduce loading below LTE during
a contingency through 2008.

The table below provides the details on these line groups.

DSS Line % of LTE - % MVA LTE - % MV_A at
at Risk
Normal Load at Risk Load at 2008
2004 Risk 2004 2004 Risk 2008

468-2408 38% 0% 0 0% 0
468-2412 44% 0% 0 0% 0
292-2401XYZ 25% 0% 0 0% 0
292-2402XYZ 23% 0% 0 0% 0
110-2110 37% 0% 0 0% 0
443-2211 50% 0% 0 0% 0
110-2109 30% 0% 0 0% 0
374-2215 45% 0% 0 0% 0
20-2405 105% 0% 0 0% 0
20-2406 106% 0% 0 0% 0
20-2407 86% 0% 0 0% 0

Baker Street Station 110 DSS Lines Loading
Note: The Dedham line group 20-2405, 2406, & 2407 includes the transfer of load off the line group during a
contingency.

24 kV Dedham Supply and Reliability
The three 24kV supply lines to Dedham Station 20 (20-2405, 20-2406, & 20-2407) are direct buried
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lines that run between Baker Street Station 110 each approximately 3.25 miles in length. The lines
have a history of reliability issues. Over the past 6 years there have been 10 cable and joint failures
on the lines. The Dedham supply is heavily loaded, each line carries approximately 15MVA, in 2002
two of the lines were loaded to 99% of their normal rating while the third line was loaded to 80% of
its normal rating. The heavy loading on the lines is a major contributor to the higher than typical
failure rate on the lines. The combination of high failure rates, heavy loading and the direct buried
construction of the lines create the potential for a two-line outage event. There is adequate transfer
capability to off load the station in the event of a single line outage but rotating outages would be
necessary for a two-line outage.

14KV Distribution

The 14kV distribution out Station 20 has adequate capacity. The 14kV distribution has 15 MVA of
transfer capability to adjacent stations; this transfer can be utilized during a contingency on the 24kV
supply to Dedham Station 20.

LBl b PR Ry M T

14 kV % of Projected % Projected
Radial Line Normal of Normal % of Normal
2002 2004 ...2008

20-H1 83% 85% 89%
20-H3 66% 68% 71%
20-H4 0% 0% 0%

{no load circuit)
20-H5 70% 72% 75%
20-H6 65% 68% 70%

.. 20-H7 39% . 40% 42%

M Loadihé on Baker \Strweé?? Thru Station 20) Station 14kV radial lines.

4 kV Stations

Baker Street supplies five 4kV stations. Rockingham Avenue Station 468 upon the loss of one of its
two 10.5 MVA transformers, the remaining transformer will exceed its long-term emergency
capacity. There is 1.1 MVA of load at risk in this event. . The table below summarizes the capacity
of the 4 kV stations.

4 kV 2002 LTE 2004 2008
Station Peak Capacity Projection Projection
(MVA) (MVA) (MVA) (MVA)

East Street #20 11.8 16.8 114 11.9
Baker Street 7.9 9.0 8.1 8.4
Sta #374
Corey St #443 8.6 11.25 9.3 9.7
Rockingham 11.6 10.5 11.7 12.2
Sta #468
Willow St #516 8.6 14.3 7.7 8.0

Loading on 4 kV station fed from Baker Street Station 110
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Proposed Integrated Plan

The suggested actions listed in table below will address all of the capacity concerns in the region.

In the Baker Street Station 110 area, the immediate concern is the reliability and capacity issues
related to the Dedham line group. To address the reliability and capacity concerns on the Dedham
line group we have formulated a multiple phase plan to improve capacity to the Dedham area and
eliminate our reliance on the poor performing direct buried 24kV supply lines. The first step will be
use the expanded Dover Station 456 to relieve Dedham Station 20 by 5 —10 MVA. The next step
would call for the installation of a new duct line from Baker Street Station 110 to Dedham Station 20
and replacement of the 24kV lines to Dedham. The new duct between West Roxbury and Dedham
would include pipe for possible use for a transmission supply to Dedham Station 20. The new 24kV
supply to Dedham would allow for the full utilization of the Station 20 24kV/14kV transformers and
provide the necessary capacity in the Dedham area through 2008.

. Year Estimated
Action needed Cost
= Relieve Dedham Station 20 — Extend circuit from Dover Station 456 2004 TBD
= Install fans on two 8.4 MVA 14/4kV transformers at Station 468 2004 $30K
= Establish new circuit at Station 468 to relieve circuits 468-06 & 468-08 2004 $100K
= Installation of duct line between Station 110 and Station 20 and new 24kV cable 2006 - TBD

to Dedham Station 20 or relieve station by load transfers to adjacent stations 2007

Recommended course of action for the Baker Street Region
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #329 BRIGHTON

Brighton Station 329 serves the following towns and communities: Allston, Brighton, Brookline,
Jamaica Plain, Mission Hill and Roxbury. During the summer of 2002, the Brighton Station 329
peak load was 199 MVA. The station consists of two 115/14 kV transformers, one 115/24/14kV
(unique to Brighton) and one 14/24kV transformer.

Transformer #110A: Waukesha 75/125/140 MVA 115 to 14.4/14.4 kV
Transformer #110B: Allis Chalmers 100 MVA 110 to 24.3 to13.8/13.8 kV
Transformer #110C: Westinghouse 100/112 MVA 110 to 13.8/13.8 kV
Transformer #24A: Maloney 20 MVA 13.8 to 24 kV

Brighton Station 329 total capacity is 342 MVA. NSTAR employs summer emergency rating (cyclic
capability) of 240 MVA. The Brighton Station 329 facilities and infrastructure have inherent
reliability concerns. One of the primary concerns at Brighton Station is a thermal constraint in the
station’s distribution infrastructure. In August 2001, the Brighton supply suffered a significant
outage event when 14 of the station’s 32 feeders faulted over a 15-hour period. The cause of this
event was attributed to thermal overload of the distribution cables exiting the station. Through
thermal analysis of the Station 329 station getaways, the station’s load carrying capability is limited
to 217 MVA.

Overload Ratings:

Transformer 12 hour I.TE. 90F Ambient 12 hour LTE. 110F Ambient

Nameplate

110A 84/112/140 MVA 175 MVA 164 MVA
110B 100 MVA 142 MVA 132 MVA
110C 100/112 MVA 142 MVA 133 MVA

Station Capabilities:

Total Station Station Firm RADSEC Transfer  Manual Transfer Total LCC

Capacity (N) Capacity (I.TE)
342 MVA 240 MVA 217 MVA*

* Load carrying capability imited due to distribution thermal constraint in the Brighton Station 329 getaway area in Harvard Avenue in Allston

Station Load Forecast:

218 MVA 232 MVA 248 MVA 258 MVA 265 MVA
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Switching Actions:

Loss of Transformer #110A:

Open: Circuit Breakers #5 and #6
Disconnect Switch #T730
Main 110A 13.8kV Circuit Breaker

Close: Sections 1, 3 and 5 operate normally closed.
Sections 2, 4 and 6 operate normally open. Upon the loss of transformer
110A the ABR scheme closes section #4 and section #6 tie breakers. Sections
2, 4 and 6 are now tied together.
Circuit Breakers #5 and #6 to close 115kV ring

Loss of Transformer #110B:

Open: Circuit Breakers #8 and #9

Disconnect Switch #T731
Main 110B 13.8kV Circuit Breaker
Close: Sections 1, 3 and 5 operate normally closed.

Sections 2, 4 and 6 operate normally open. Upon the loss of transformer
110B the ABR scheme closes section #4 and section #6 tie breakers. Sections
2, 4 and 6 are now tied together.

Circuit Breakers #8 and #9 to close 115kV ring

Loss of Transformer #110C:

Open: Circuit Breakers #2 and #3
Circuit Switcher #CS771
Main 110c¢ 13.8kV Circuit Breaker

Close: Sections 1, 3 and 5 operate normally closed.
Sections 2, 4 and 6 operate normally open. Upon the loss of transformer 110C
the ABR scheme closes the section #4 and section #6 tie breakers. Sections
2, 4 and 6 are now tied together.
Circuit Breakers #2 and #3 to close 115kV ring

Transfer Switching:

For any transformer outage, remaining in-service transformers carry full station load of 218.0 MVA.
Station 329 Brighton has 17 MVA of RADSEC and manual transfer capability with Newton Station

292, Watertown Station 467, and Hyde Park Station 496. Use of the distribution transfer is not

required for a transformer outage at Brighton.

Summary of Concerns: Brighton Region

Significant development is expected in the Brighton Supply area between 2004-2008, the region is
projected to experience heavy load growth, approximately 4.9% annually. The Brighton supply the
area has numerous emerging distribution capacity issues beginning in 2004. The strain on the
existing distribution infrastructure is driven by the continued development in the Longwood Medical
Area, and Fenway-Kenmore Area (Boston University). As a result of this significant load growth,
the Brighton Station 329 is forecasted to exceed its load carrying capability beginning in 2004, with 1
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MW of load at risk. By the summer of 2008 for a single- -contingency outage of transformer 110A,

Brighton Station 329 could attain a loading of 122% of its load carrying capability and the load at
risk would be 48 MVA.

Transmission:
1. Loss of one of the Mystic - Brighton 115kV lines (329-510/511) will exceed the LTE limit of
the remaining line starting in 2008.
2. Loss of one of the Brighton — Cambridge 115kV lines (329-530/531) will exceed the LTE
limit of the remaining line starting in 2008.

Distribution:

Inadequate load carry capability (2004), distribution limitation

No Spare for transformer 110B a 115/24/14 kV transformer

Distribution thermal issues on Harvard Avenue, Allston

Harvard Court line group overloaded under contingency conditions (2004)
Harvard Institute of Medicine line group overloaded under contingency (2004)
Back Bay line group overloaded under contingency (2004)

Radial 14kV circuit 329-H7 is overload under normal conditions (2004)
Reliability issues with the 24kV supply out of Brighton, concern with 24kV transformers at
Station 329 and the supply lines to Jackson Square Station 396

9. Allston line group overloaded under contingency (2008)

10. 4 kV lines 36-09, 36-13, and 506-10 overloaded under normal conditions (2008)
1. 14kV lines 329-H1, 329-H4, 329-H6 overloaded under normal conditions (2008)

XA B =

Distribution Systems

DSS Lines

Four line groups (Harvard Court, Harvard Institute of Medicine, Back Bay and Allston) were

evaluated for N-1 conditions for projected 2004 and 2008 loading.

® The Harvard Court line group is composed of DSS lines 506-138H, 506-140H and 506-173H.
This line group serves the Brookline Village and Coolidge Corner sections of the Town of
Brookline. Upon the loss on one of the three lines, the others will exceed their long-term
emergency capacity (LTE).

e The Harvard Institute of Medicine line group is composed of DSS lines 329-1N172H, 426-169H,
493-136H and 493-175H. This line group serves customers in the Longwood Medical Area.
Upon the loss on one of the 493 lines, the others will exceed their long-term emergency capacity
(LTE).

¢ The Back Bay line group is composed of DSS lines 233-90H, 419-92, 522-160H and 586-90.
This line group serves Boston University, the Christian Science Center, F enway Park and
Harvard Community Health. Upon the loss on one of the three lines, the others will exceed their
long-term emergency capacity (LTE).

 The Allston line group is composed of DSS lines 36-104, 36-157XY, 36-51, 36-82, 508-91, 543-
158 and 595-90. This line group serves customers in Allston including Barry Controls, and
Genzyme. In 2008, upon the loss on of lines 36-104, 36-157XY, 36-51 or 508-91, the others will
exceed their long-term emergency capacity (LTE). The table below provides detalls on the DSS
lines for the Brighton Station area.
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s 2 A e 3 B 5150 SR

DSS Line % of LTE - % MVA LTE - % MV_A at
at Risk
Normal Load at Risk Load at 2008
2004 Risk 2004 Risk 2008
L S _.....2004 T CTTTT
506-138H 117% 0% 0 12% 1.2
506-140H 79% 6% 0.6 26% 29
506-173H 101% 9% 0.8 30% 3.2
329-1N172H 104% 0% 0 33% 2.7
426-169H 106% 0% 0 8% 1.0
493-136H 105% 36% 3.1 36% 3.1
493-175H 97% 56% 3.0 56% 3.0
233-90H 85% 62% 4.4 33% 2.7
419-92 113% 34% 3.2 8% 1.0
522-160H 86% 36% 26 36% 31
586-90 35% 0% 0 56% 3.0
36-104 85% 0% 0 5% 0.4
36-157XY 41% 0% 0 3% 0.1
36-51 44% 0% 0 16% 1.0
36-82 88% 0% 0 0% 0
508-91 72% 0% 0 26% 2.0
543-158 68% 0% 0 0% 0
595-90 81% 0% 0 0% 0
404-176 50% 0% 0 0% 0
421-132 46% 0% 0 0% 0
571-174 56% 0% 0 0% 0
329-1N40H 75% 0% 0 0% 0
329-1N51H 56% 0% 0 0% 0
548-92H 89% 0% 0 0% 0
329-2211 31% 0% 0 0% 0
3292215 53% 0% 0 0% 0
Loading on Brighton DSS lines.
14kV Distribution

One of the seven 14kV radial lines fed from Brighton Station 329 is projected to exceed its normal
rating in 2004; 329-H7. By 2008 four of the seven lines will exceed their normal, 329-H1, 329-H4,
329-H6 and 329-H7.

14 kV % of Projected % Projected
Radial Line Normal of Normal % of Normal

, 2002 .. ..2004 2008
329-H1 87%* 95% 115%
329-H2 71% 78% 95%
329-H3 52% 84% 96%
329-H4 79% 86% 105%
329-H5 74% 81% 98%
329-H6 63% 86% 101%
329-H7 . 12% 103% 120%

Loading on 14 kV radial lines.
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4kV Substations

Brighton Station 329 feeds three 4 kV stations and the Brookline Network made up of five primary
network units (PNU): Allston Station 36 (Commonwealth Avenue), Jackson Square Station 396
(Amory Street, Jamaica Plain), Harvard Court Station 506 (Harvard Court, Brookline) and the
Brookline Primary Network. The loads at all the 4kV stations supplied by Brighton Station 329 are
projected to decrease because of on-going 4kV conversions. The 4kV conversions are addressing
reliability and community concerns in the areas served by these stations. The conversions of the
Jackson Square Station circuits will correct the heavy loading on the station transformers. The table
below summarizes the capacity of these 4 kV stations.

4 kV Station 2002 LTE 2004 2008
Peak Capacity Projection Projection
(MVA) (MVA) (MVA) (MVA)
Station 36 26.0 359 234 24.3
Station 396 12.9 11 8.7 9.0
Station 506 15.5 22.5 12.1 12.6
Brookline 14.3 20.5 11.3 11.7
Network

Loading on 4 kV stations fed from Brighton Station 329 V

Proposed Integrated Plan

The suggested actions listed in the table below will address all of the capacity concerns in the region.
The proposed Colburn Street Substation will have a significant impact on the substation and
distribution capacity in the Brighton Station 329 area as well as the four other abutting areas (Andrew
Square (South Boston) Station 106, Dewar Street (Dorchester) Station 483, Hyde Park Station 496
and Scotia Street (Back Bay) Station 492). The substation and associated distribution infrastructure
are the foundation for much of Brighton area capacity plans for the next 5 years. The new station
will be developed to provide expanded distribution and substation capacity to supply the loads within
City of Boston neighborhoods of Jamaica Plain, Roxbury, Mission Hill, Longwood Medical Area and
Kenmore-Fenway and the Brookline Village section of Town of Brookline. The proposed site is
located at the epicenter of the load in the area. Because of the close proximity to the load, circuit
lengths will be reduced to an average length of 6,300 circuit feet from the existing circuit length of
14,500 circuit feet. The firm capacity of the new station will be 150 MVA, which supports the relief
of five bulk supply substations and the projected load growth within the Colburn Street service area.
The station will be designed to accommodate a 4™ transformer and a firm capacity of 225 MVA.

This alternative is part of an integrated long-term solution for the Boston Radial supply area, which
will provide the capacity additions needed to meet the new load requirements as well as insure the
reliability of service of this area.

. Year Estimated
Action needed Cost
= New Colburn Street Substation 2004 -05  $27.8MM
= Reconfigure the Back Bay line group 2005 TBD
= Relieve circuit 329-H7 using 506-138H feeder position 2005 TBD
= Establish new circuit to relieve 329-H1 & H2 20086 TBD
= Reconductor or reconfigure circuit 329-H4 2007 TBD
= Establish new circuit to relieve 329-H6 2007 TBD

Recommended course of action for the Brightoh Region
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #385D K STREET (Distribution)

The L Street Station #4 and the new K Street Station #385D serve the South Boston section of
Boston. The new K Street substation #385D and associated distribution infrastructure will be
developed to provide expanded substation capacity to supply the increased loads within the South
Boston Waterfront region. The initial firm capacity of the new station will be 75 MVA (Phase 1 In-
Service date November, 2003), which supports the start of retiring of L Street Station 4 and the initial
load growth within the South Boston Waterfront. The new K Street Station#385D was designed to
accommodate a firm capacity of 225 MVA. Phase 2 of the K Street Station #385 D, which has an In-
service date of June 1,2004, will install a third and fourth transformer, increasing the firm capacity to
225 MVA. The new K Street Station #385D project is part of an integrated long-term solution,
which will provide the necessary capacity additions needed to meet the new load requirements as
well as insure the reliability of service of this area.

K Street Station #385D consists of the following transformers:
Transformer #110A: VA Tech Ferranti-Packard 37.5/50/65.5 MVA 117 kV to 15.12 kV
Transformer #110B: VA Tech Ferranti-Packard 37.5/50/65.5 MVA 117kV to 15.12 kV
Transformer #110C: VA Tech Ferranti-Packard 37.5 / 50/ 62.5 MVA 117 kV to 15.12 kV
Transformer #110D: VA Tech Ferranti-Packard 37.5/50/62.5 MVA 117 kV to 15.12 kV

K Street Station #385D total capacity is 250 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 75 MVA for each of these transformer banks. The Kingston-K Street 115kV
lines 385-510 and 385-511 supply High Street Station #385. The outage of one of these transmission
lines would result in the loss of one of K Street Sta #385D transformers. The station has a firm
capacity of 225 MVA. As a secondary network station there is no transfer switching capability to
adjacent network stations. K Street’s load carrying capability (i.e. firm capacity + transfer switching)
is 225 MVA.

Overload Ratings:

110A 37.5/50/65.5 MVA 87.6 MVA 80.1 MVA
110B 37.5/50/65.5 MVA 87.6 MVA 80.1 MVA
110C 37.5/50/62.5 MVA 87.6 MVA 80.1 MVA
110D 37.5/50/62.5 MVA 87.6 MVA 80.1 MVA

Station Capabilities:

Total Station Station Firm RADSEC Transfer  Manual Transfer Total LCC

Capacity (N) Capacity (I.TE)
256 MVA 225 MVA* 0 MVA 0 MVA 225 MVA

* Based upon loss of 110A, or 110B, or 110C or 110D.
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2004-2008 Projected load:

2004 2008
180 MVA 194 MVA 204 MVA 208 MVA 212 MVA

Switching Actions:

Loss of Transformer #110A

Open: OCB’s 7 & 8 @ K Street Station #385T
OCB (110A) @ K Street #385D
Main 110A 13.8kV Secondary Circuit Breaker

ABR Scheme Opens 13.8kV Bus Tie Breakers between sections 1C and 1D, and
sections 1D and 3B

Close: ABR Scheme Closes 13.8kV Bus Tie Breakers between sections 2B and 2C,and
sections 3A and 3B

Loss of Transformer #110B

Open: OCB’s 12 & 15 @ K Street Station #385T
OCB (110B) @ K Street St#385D
Main 110B 13.8kV Secondary Circuit Breaker

ABR Scheme Opens 13.8kV Bus Tie Breakers between sections 2C and 1D, and
sections 1D and 3B

Close: ABR Scheme Closes 13.8kV Bus Tie Breakers between sections 2B and 2C,and
sections 3A and 3B

Loss of Transformer #110C

Open: OCB’s 5 & 6 @ K Street Station #385T
OCB (110C) @ K Street St#385D
Main 110C 13.8kV Secondary Circuit Breaker

ABR Scheme Opens 13.8kV Bus Tie Breakers between sections 2C and 1D, sections
1D and 1C, and sections 1D and 3B

Close: ABR Scheme Closes 13.8kV Bus Tie Breakers between sections 2B and 2C,and
sections 3A and 3B

Loss of Transformer #110D

Open: OCB’s 19 & 20 @ K Street Station #385T
OCB (110D) @ K Street St#385D
Main 110D 13.8kV Secondary Circuit Breaker

ABR Scheme Opens 13.8kV Bus Tie Breakers between sections 2C and 1D, and
sections 1D and 1C

Close: ABR Scheme Closes 13.8kV Bus Tie Breakers between sections 2B and 2C,and
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sections 3A and 3B.

Summary of Concerns: K Street Supply Region

Increase capacity requirements - redevelopment of the South Boston Waterfront
14kV circuit 4-H10 overloaded under normal conditions (2004)

14kV circuit 4-H5 overloaded under normal conditions (2007)

14kV circuit 4-H7 n-1 constraint (2007)

South Boston Postal and Park Plaza line groups overloaded under contingency (2007)

ARSIl M

The South Boston region continues to experience load growth. Many of the properties are being
redeveloped for new economic uses. Much of the impetus for the development comes from the
region’s proximity to the Boston financial district, the downtown waterfront and new transportation
infrastructure. The developers in the South Boston Waterfront region are essentially building a small
city. The Waterfront region is evolving through various developmental stages. The district will be a
highly mixed area including office buildings, hotels, residential condominiums, retail shops,
restaurants and entertainment that will maintain a lively set of activities both day and evening. The
Boston Convention and Exposition Center is the first in a series of major customer development
projects that will significantly increase the load within the South Boston region. The projected
probable new load will likely be 35-45 MVA by the middle of this decade.

Based on load projections, by in the summer of 2008 for the contingency outage of a transformer, K
Street Station #385D will be loaded at 92% of the firm capacity.

Distribution System
DSS Lines

Four line groups (South Postal, Park Plaza, Gillette, and Congress) were evaluated for N-1 conditions
for projected 2004 and 2008 loading.

The South Postal group, which supplies the South Boston Postal Annex, was found to have issues
during the loss of line 474-135 in 2008. During a line outage at least a 7% of the load is at risk
because the load transfer puts the receiving line over its LTE rating.

The Park Plaza line group, which supplies the Park Plaza Hotel, is being relieved in 2003. The line
group was found to have issues during the loss of line 141-198H in 2008 and beyond.

The Gillette line group, which supplies Gillette Corp., is being relieved with the addition of a new
supply. The Gillette line is projected to have adequate capacity to meet the load requirements
through 2008.

The Congress line group, which supplies the Congress Street section of South Boston via NSTAR
4kV Station 430, was found to have adequate capacity to supply the load through 2008.

DSS Line % of LTE - % MVA LTE - % MV_A at
at Risk
Normal Load at Risk Load at 2008
2004 Risk 2004 2004 Risk 2008

474-136H 91% 0% 0 0% 0
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474-135 54% 0% 0 7% 0.2
403-137H 49% 0% 0 0% 0
347-92 45% 0% 0 0% 0
141-70 17% 0% 0 0% 0
141-198H 72% 0% 0 3% 0.2
515-193 71% 0% 0 0% 0
515-193 37% 0% 0 0% 0
430-157 58% 0% 0 0% 0
422-165 72% 0% 0 0% 0
430-157 59% 0% 0 0% 0
430-156 49% 0% 0 0% 0
14kV Distribution

One of the twelve 14kV radial lines fed from K Street Station # 385D is projected to exceed its
normal rating in 2004; 4-H10. In 2008, 4-H5 and 4-H10 are projected to exceed their normal rating.

14 kV % of Prolected % Projected
Radial Line Normal of Normal % of Normal
_ _ - 2002 . 2004 2008

385-H1 3% 14% 16%
385-H2 28% 28% 30%
385-H3 56% 58% 60%
385-H4 9% 9% 9%
385-H5 97% 99% 101%
385-H7 88% 90% 92%
385-H8 45% 47% 48%
385-H9 36% 37% 38%
385-H10 100% 102% 104%
385-H11 64% 65% 67%
4KkV Substation

L Street Station 4 feeds three 4 kV stations: Summer Street Station 293, Congress Station 430, and
Dorchester Avenue Station 139. The loads all of the 4kV stations supplied by L Street Station 4 are
pI‘Q]GCted to operate within their LTE ratmgs through 2008.

0 s T U WIS L ) 31 B2 b A S 9 50

4 kV Station 2002 LTE 2004 2008
Peak Capacity Projection Projection
(MVA) ~ (MVA)  (MVA)  (MVA)
Station293 79 18 8 86
Station430 78 134 80 83
Station139 133 188 136 140

Proposed Integrated Plan

The new K Street 115/14 kV substation is part of an integrated long -term solution, which will provide the
necessary capacity additions needed to meet the South Boston region’s new load requirements as well as
ensure the reliability of service of this area. The development of the new K Street 115/14 kV substation
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will support the retirement of L Street Station #4 by transferring most of the load presently supplied
from L Street to K Street, thereby addressing a potentially significant reliability concern. The new K
Street 115/14 kV station has capacity that would provide a measure of load relief of Andrew Square
Station #106, approximately 25 MVA.

Action Year Cost

needed
Reconductor 385-H10 (4-H10) 2004 $250K
Reconductor 385-H5 (4-H5) 2005 $250K
Reconductor 385-H7 (4-H7 or relieve via load transfers to adjacent distribution 2006 TBD
circuits
Installation of new line to relieve the Park Plaza line group or transfer load from 2007 TBD
line group to adjacent lines
Installation of new line to relieve the South Postal line group or transfer load from 2008 TBD

line group to adjacent lines
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #483 DEWAR STREET

Dewar Street Station 483 serves the following towns and communities: Dorchester, and portions of
Mission Hill, Roxbury and the Town of Milton. During the summer of 2002, the Dewar Street
Station 483 peak load was 135 MVA. The station consists of two 115/14 kV transformers.

Transformer #110A: McGraw-Edison 84/ 112/ 140 MVA 115 to 14.4/14.4 kV
Transformer #110B: General Electric 84/ 112/ 140 MVA 115 to 14.4/14.4 kV

Dewar Street Station 483 total capacity is 265 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 151 MVA. There is no transfer switching to adjacent substations. The station
has a firm capacity of 151 MVA. Due to a transmission constraint on 483-524/525 Dewar Street’s
load carrying capability is limited to 135 MVA.

Overload Ratings:

Transformer Nameplate 12 hour LTE. 90IF Ambient 12 hour LTE. I 10F Ambicnt
110A 84/112/140 MVA 175 MVA 164 MVA

110B 84/112/140 MVA 182 MVA 170 MVA

Station Capabilities:

Total Station Station Firm RADSLC Transfer  Manual Transfer Total LCC

Capacity (N) Capacity (LTE)
265 MVA 151 MVA* 0 MVA 2 MVA 135 MVA**

* Based upon 110A/483-524 or 110B/483-525.
“*The load carrying capability (LCC) is limited due to an n-1 constraint on transmission lines 483-524/525.

Station Load Forecast:

2004

138 MVA 140 MVA 141 MVA 145 MVA

Switching Actions:

Loss of Transformer #110A also isolates the 483-524 Line and 110D @ Andrew Sq

Open: OCB’s 13 & 14 @ K Street
OCB 3 and CS774 @ Andrew Sq (110D transformer)
Circuit Switcher CS771
Both Main 110A 13.8kV Circuit Breakers
Close: ABR scheme closes bus ties
Manually close OCB’s 13 & 14 @ K Street
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Manually close OCB 3, CS774 and restore 110D @ Andrew Sq

Loss of Transformer #110B also isolates the 483-525 Line and 110C @ Andrew Sq

Open: OCB's 4 & 7 @ K Street
OCB 1 and CS772 @ Andrew Sq (110C transformer)
Circuit Switcher CS770
Both Main 110B 13.8kV Circuit Breakers
Close: ABR scheme closes bus ties
Manually close OCB’s 4 & 7 @ K Street
Manually close OCB 1, CS772 and restore 110C @ Andrew Sq

Summary of Concerns: Dewar Street Station 483 Region

No major development is expected in the Dewar Supply area between 2004-2008, the region is
projected to experience meager load growth load growth, approximately 1.2% annually. For any
transformer outage, the remaining in-service transformer carries full station load of 138.0 MVA. For
the loss of either transmission line 483-524 or 525 Dewar Street’s load carrying capability of 135
MVA is exceed by less than 1%, with approximately 3 MW of load at risk of load shedding. There is
no transfer capability with any other station from Dewar Street Station 483.

Transmission:
1. Loss of one of the K Street — Andrew Square — Dewar Lines (483-524/525) will exceed the
LTE limit of the remaining line starting in 2004.

Distribution:
1.~ Dewar Street Station inadequate load carry capability (2004), n-1 transmission limitation
2. Dewar Street Station - short circuit current /overloaded transformer secondaries (2004)
3. Hallet line group overloaded under contingency (2004)

4. 14kV distribution lines 483-H1, 483-H2, and 483-H4 projected to be overloaded under

normal conditions (2004)

4kV distribution 52-11 projected to be overloaded under normal conditions (2004)

6. 4kV distribution 52-06 projected to be overloaded under normal conditions (2008)

1931

Distribution Systems

DSS Lines

The Hallet Street and Central Avenue line groups were evaluated for N-1 conditions for projected

2004 and 2008 loading.

¢ The Hallet Street line group, which supplies the MBTA Station at Tenean Street and the Saint
Mark’s neighborhood of Dorchester, was found to have issues during the loss of line 466-1482H
in 2004 and beyond. During a line outage at least a 33% of the load is at risk because the load
transfer puts the receiving line over its LTE rating.

* The Central Avenue line group, which supplies the Lower Mills section of Dorchester via
NSTAR 4kV Station 43, was found to have adequate capacity to handle the loss of any line in the
line group through 2008.
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' DSS Line

% of LTE-% ™V |1g.q MVA
A at at Risk
Normal Load at Risk Load at 2008
2004 Risk 2004 Risk 2008
L _TTTmTT 2004 7 e
466-1482H 113% 33% 3.2 39% 39
466-1481H 86% 0% 0 1% A
483-1493 100% 0% 0 0% 0
43-1491H 88% 0% 0 0% 0
43-1490H 74% 0% 0 0% 0
43-1489H 77% 0% 0 0% 0
Loading on Dewar Street DSS lines.
14kV Distribution

One of the six 14kV radial lines fed from Dewar Street Station 483 is projected to exceed its normal
rating in 2004; 483-H4. Circuits 483-H1 and H2 exceeded their normal rating in 2002 and are being
relieved as part of a 2003 Dorchester distribution capacity improvement project The remaining
Dorchester distribution circuits have adequate capacity.

14kV  %of  Projected%  Projected

Radial Line Normal of Normal % of Normal
. . .. 2002 2004 2008
483-H1 104% 85% 91%
483-H2 102% 73% 78%
483-H3 56% 58% 60%
483-H4 100% 102% 107%
483-H5 80% 81% 86%
. 483-H6 61%, 63% 66%

Loadiﬁg on Dewar Street Statzonwl;ikwl}wradlal lines.

4kV Substation

Dewar Street Station 483 feeds five 4 kV stations: Cottrell Street Station 321, Central Avenue
Station 43, Dewar Street Station 483, Roxbury Crossing Station 52 and Hoyt Street Station 67. The
loads at four of five of the 4kV stations supplied by Dewar Street Station 483 are projected to
decrease because of on-going 4kV conversions. The 4kV conversions are addressing reliability and
community concerns in the areas served by these stations. The conversion of portions of circuit 321-
05 out of the Cottrell Street Station 321 will reduce the heavy loading on the station transformers.
The table below summarizes the capacity of these 4 kV stations.

 4kvstation 2002  LTE 2004 2008
Peak Capacity Projection Projection

e (MVA)  (MVA)  (MVA)  (MVA)
Station 321 7.0 7.5 7.2 6.4
Station 43 12.7 15.0 11.9 12.4
Station 483 9.6 15.0 8.4 8.7
Station 52 12.8 16.4 11.7 11.2
Station 67 5.9 75 6.0 , 6.3

’ Loadtng on 4sztat15nsfedﬁ*Z>mDewar gt;eetggz:ation 483

Proposed Integrated Plan
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The suggested actions listed in the table below will address all of the capacity concerns in the region.
The proposed Colburn Street Substation will have a significant impact on the substation and
distribution capacity in the Dewar Station 483 area. The substation and associated distribution
infrastructure will provide the foundation for all of the Dewar Street area capacity needs for the next
5 years. The new station will allow for the release of Dewar Street feeders for use in the Dorchester
area. The new Colburn Street station will supply Longwood Medical area and Roxbury Crossing
loads currently served by Dewar Street. The station relief provided by the Colburn Street substation
will provide the Dewar Station with adequate substation capacity to meet the capacity requirements
of the Dorchester area through 2008. The Dewar Street station relief will also alleviate the n-1
transmission over load condition on the K Street — Andrew Square — Dewar Lines (483-524/525).
The Colburn Street project will address capacity issues on the Hallet Street line group, and circuit
483-H4. The new distribution circuits will also create transfer capabilities between Dewar Street
Station 483 and the new Colburn Street Station 350, allowing for increased substation transformer
utilization.

. Year Estimated
Action needed Cost
= New Colburn Street Substation see Brighton Area 2004 -

05
= Installation of cap banks for power factor correction and voltage support 2004 $100K
= Installation of line reactors on 1 distribution circuit on busses 1 & 2 and cutover of 2004 $400K

lines to allow for open bus tie on busses 3 & 4
= Install new distribution circuit to relieve 483-H1 or transfer load to adjacent 2006 TBD

circuits within the Dewar Supply region
Recommended course of action for the Dewar Street Region
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #492 SCOTIA STREET
Scotia Street Station #492 supplies the Back Bay/Prudential/Kenmore Square (Sta #49) regions of the
City of Boston. In the summer of 2002 the Scotia Street Station #492 load was 142 MVA.
Scotia Street Station #492 consists of the following transformers:
Transformer #110A: McGraw-Edison 84 / 112/ 140 MVA 115 to 14.4/14.4 kV
Transformer #110B: McGraw-Edison 84 / 112 /140 MVA 115 to 14.4/14.4 kV

Scotia Street Station #492 total capacity is 280 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 151 MVA for each of these transformer banks. The station has a firm capacity
of 151 MVA. As a secondary network station there is no transfer switching capability to adjacent
network stations. Scotia Street’s load carrying capability (i.e. firm capacity + transfer switching) is
151 MVA.

Overload Ratings:

Transformer Nameplate 12 hour .'TE. 90FF Ambient 12 hour LTE. 1 10FF Ambient
110A 84/112/140 MVA 175 MVA 164 MVA
110B 84/112/140 MVA 173 MVA 162 MVA

Station Capabilities:

Station Firm RADSEC Transfer  Manual Transfer Total LCC

Capacity (1.TE)

Total Station
Capacity (N)

250 MVA 151 MVA* 0 MVA 151 MVA
* Based upon loss of 110A/329-512 Line or 110B/329-513 Line.
2004-2008 Projected load:
149 MVA 152 MVA 153 MVA 156 MVA 159 MVA

Switching Actions:

Loss of Transformer #110A also isolates the 329-512 line and 110A transformer @ Carver St

Open: OCB’s | & 2 @ Kingston St
OCB’s 3 & 6 @ Brighton
Circuit Switcher CS771 and the 110A transformer @ Carver St
Circuit Switcher CS771
Both Main 110A 13.8kV Circuit Breakers
Close: Nothing, bus tie operated normally closed
Manually close OCB’s 1 & 2 @ Kingston St
Manually close OCB’s 3 & 6 @ Brighton
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Manually close CS771 and restore 110A @ Carver St

Loss of Transformer #110B also isolates the 329-513 line and 110B transformer @ Carver St

Open: OCB’s 4 & 5 @ Kingston St
OCB’s 9 & 12 @ Brighton
Circuit Switcher CS770 and the 110B transformer @ Carver St
Circuit Switcher CS770
Both Main 110B 13.8kV Circuit Breakers
Close: Nothing, bus tie operated normally closed
Manually close OCB’s 4 & 5 @ Kingston St
Manually close OCB’s 9 & 12 @ Brighton
Manually close CS770 and restore 110B @ Carver St

Summary of Concerns:
1. Network feeders overloaded under contingency conditions (2004-2008)
2. Scotia Street Station #492 is overloaded under contingency conditions (2005)
3. 4 kV distribution circuits 49-01, 49-07 and 49-08 is overloaded under normal
conditions (2004-2008)

The Back Bay/Prudential region continues to evolve through various development stages. The region
is a highly mixed area including office buildings, hotels, residential apartments and condominiums,
retail shop, restaurants and entertainment that maintain a lively set of activities both day and evening.
Much of the impetus for the continued development comes from the region’s being a vibrant and
economically active portion of the city of Boston. The anticipated development will increase the
load within this region. The new load will strain the capability of Scotia Street #492’s substation and
distribution infrastructure to support the customer load requirements.

Based on load projections, by in the summer of 2005 for a single-contingency outage of either
transformer 110A or 110B, Scotia Street Station #492 will exceed the firm capacity. The new load
will strain the capability of Scotia Street #492’s substation and distribution infrastructure to support
the customer load requirements. Since Scotia Street Station #492 is a secondary network station the
load at risk is the entire station 151 MW (13,000 customers).

By the summer of 2008 for a single-contingency outage of either transformer 110A or 110B, Scotia
Station #492 could attain a loading of 105% of Firm Capacity and the load at risk would be 20 MVA.

The development of the new Colburn Street 115/14kV substation will provide capacity to relieve five
heavily loaded bulk supply stations: Andrew Square Station 106, Brighton Station 329, Dewar Street
Station 483, Scotia Street Station 492 and Hyde Park Station 496. Prior to June 1,2005 the Colburn
Street Station project will several new lines which will support the relief of Scotia Street Station by
cutover Station 49 in Kenmore Square and Northeastern University Station 573 - 23 MVA of relief,

Distribution Systems
DSS Lines

Scotia Station #492 has two line groups the Kenmore Square and Northeastern Dormitories line
groups.

The Kenmore Square Line Group consists of DSS lines 49-209, 49-210 and 49-211. The line
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group supplies NSTAR Beacon Street/Kenmore Square Station #49 and Customer Stations #481 and
#573. Upon the loss of a DSS line, the remaining DSS lines will not exceed the long-term emergency
capacity (LTE), based on 2004-2008 peak load projections.

The Northeastern Dormitories Line Group consists of DSS lines 49-211 and 573-212. The line
group supplies customer station # 573. Upon the loss of either DSS line, the remaining DSS line will
not exceed the long-term emergency capacity (LTE), based on 2004-2008 peak load projections.

A —

DSS % of LTE - % MVA at LTE - % MVA at
Line Normal Load at Risk 2004 Load at Risk Risk 2008
2004 Risk 2004 S . 2008
49-209 58% 0% 0 0% 0
49-210 79% 0% 0 0% 0
49-211 99% 0% 0 0% 0
73212 4% 0% 0 0% 0

14 kV Network Feeders

There are twenty network feeders supplied from Scotia Street Station #492. By the summer 2004
four network feeders 492-INT1N, -IN22N, 1N45N and 1N46S will be heavily loaded exceeding
90% of normal rating. The following table summarized the performance of the network feeders.

14kV % of Projected % Projected%
Network Normal of Normal of Normal 2008
. _Lines 2002 2004 o },_,
492-1N1IN 88% RS/ 98%
492-1N12N 84% 89% 9495
492-1N13S 77% 82% 86%
492-1N14S 60% 64% 67%
492-1N15S 78% 83% 87%
492-1N21S 36% 38% 40%
492-1N22N 88% 54% 8G9%,
492-1N23S 72% 76% 80%
492-1N24S 66% 71% 74%
492-1N25N 84% 89% 94%,
492-1N31N 72% 76% 80%
492-1N32N 83% 88% 92
492-1N33S 84% 89% G4%%
492-1N34S 80% 85% IS
492-1N358 20% 21% 22%
492-1N42S 75% 80% 84%
492-1N43N 55% 59% 62%
492-1N44S 80% 85% 89%
492-1N45N 89% G4 $59,
492-1N46S 87% 839, 98%

Loadmg on Scotia Street Network Feeders.

4 kV Substation
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Scotia Street Station #492 supplies one 4 kV station, Beacon Street, Station #49 Kenmore Square.

4 kV 2002 LTE 2004
Station Peak Capacity Projection
(MVA) (MVA) (MVA)
Kenmore 20.25 16.3 17.0
Sq Sta #49

Proposed Integrated Plan

The development of the new Colburn Street 115/14kV substation will provide capacity to relieve five
heavily loaded bulk supply stations: Andrew Square Station 106, Brighton Station 329, Dewar Street
Station 483, Scotia Street Station 492 and Hyde Park Station 496. Prior to June 1,2005 the Colburn
Street Station project will install several new lines which will support the relief of Scotia Street
Station by cutover Station 49 in Kenmore Square area and Northeastern University Station 573;
provides up to 23 MVA of relief and alleviates the heavy loading condition at Scotia Street Sta #492
(88% of Firm Capacity — 2008 Summer).

The heavy loading conditions on the network feeders will be addressed by extending and
reconductoring feeders within the network.

The heavy loading conditions on Kenmore Square Station #49 4 kV distribution circuits will be
mitigated by conversion of the potions of the 4kV distribution circuits to 14 kV.
® 2004 Partial Conversion of 49-07 to 14 kV, 1500KVA. Also relieves the heavy loading
condition at Station #49.
e 2006 Partial Conversion of 49-08 to 14 kV, 900KVA. Also relieves the heavy loading
condition at Station #49.
e 2008 Partial Conversion of 49-01 to 14 kV, 1000KVA. Also relieves the heavy loading
condition at Station #49.

After Colburn Street Station
The spare feeder positions at Scotia Street Station #492 will be used to install new network feeders to
relieve the loading on the distribution network.
e 2006 Use 49-210 feeder position @ Sta #492 to relieve 492-1N11N & 492-1N12N; install
3500 feet of cable.
e 2007 Use 573-212 feeder position @ Sta #492 to relieve 492-1N22N & 492-1N24N; install
2500 feet of cable.
® 2007 Use 49-209 feeder position @ Sta #492 to relieve 492-1N32N, 492-1N33S & 492-
1N34S; install 3000 feet of cable.
e 2007 Use49-211 feeder position @ Sta #492 to relieve 492-1N32N, 492-1N33S & 492-
IN348:; install 2000 feet of cable.

. Year Cost
Action needed
= Reconductor 492-1N11IN 2004 $100 K
= Reconductor 492-1N45N 2004 $100 K
= Reconductor 492-1N46S 2004 $100 K

= Reconductor 492-1N25N 2004 $100 K
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= Relieve Scotia Street Station #492 by cutover Station 49 in Kenmore 2005 TBD
Square and Northeastern University Station 573 to Colburn Street Station
= Either install new feeders or reconductor existing feeders at Scotia Street ~ 2006- TBD

Sta #492 2008
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2004 T&D OPERATING STUDY
Boston District

STATION #496 HYDE PARK
Hyde Station 496 serves a power supply area consisting of the City of Boston neighborhoods of Hyde
Park, Jamaica Plain, Mattapan, Roslindale, and West Roxbury and portions of the towns of Canton,

Dedham, Milton and Westwood. During the summer of 2002, Hyde Park Station peak load was 155
MVA.

Hyde Park Station 496 consists of two 115/13.8 kV transformers:

Transformer #110A: General Electric 84 / 112/ 140 MVA 115 to 14.4/14.4 KV
Transformer #110B: General Electric 84 / 112/ 140 MVA 115 to 14.4/14.4 kV

Hyde Park Station 496 total capacity is 280 MVA. NSTAR employs summer emergency rating
(cyclic capability) of 151 MVA for each of these two banks. Station 496’s firm capacity is 151
MVA. Hyde Park Station 496 has approximately 13.5 MVA of manual and RADSEC transfer
switching to adjacent stations Andrew Square Station 106, Brighton Station 329, Canton Station 470
and Dewar Street Station 483. Hyde Park’s load carrying capability is 164.5 MVA.

Overload Ratings:

Transformer Nameplate 12 hour LTE. 901" Ambicnt 12 hour L'TE. 110F Ambient
110A 84/112/140 MVA 182 MVA 170 MVA
110B 84/112/140 MVA 182 MVA 170 MVA

Station Capabilities:

Total Station Station Firm RADSEC Transfer  Manual Transter Total LCC

Capacity (N) Capacity (LTE)
280 MVA 151 MVA* 3.1 MVA 10.4 MVA 164.5 MVA
e Based upon loss of 110A/496-528 line or 110B/496-529 line.

Station Load Forecast:

167 MVA 172 MVA 176 MVA 179 MVA 181 MVA

Switching Actions:
Loss of Transformer #110A and 496-528 Line

Open:OCB’s 14 & 15 @ Baker St
Circuit Switcher CS770
Both Main 110A 13.8kV Circuit Breakers
Close: ABR scheme closes bus ties automatically
Manually close OCB’s 14 & 15 @ Baker St
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Loss of Transformer #110B and 496-529 Line

Open: OCB’s 4 & 5 and CS770 @ Baker St
Circuit Switcher CS771
Both Main 110B 13.8kV Circuit Breakers

Close: ABR scheme closes bus ties automatically
Manually close OCB's 4 & 5 and CS770 @ Baker St

Transfer Switching:

For either transformer outage, remaining transformer carries full station load of 167.0 MVA. Station
496 Hyde Park has 13.5 MVA of manual and RADSEC transfer capability to adjacent stations.

While not required for loss of either transformer, transfer of the following circuits and DSS lines via
RADSEC and manual switches may also be conducted for load relief:

Hyde Park 496-H2 to Canton 470-H7 via RADSEC MRU 841 and manual switch on P3/224 for a
transfer of 4.4 MVA

Hyde Park 496-H4 to Andrew Square 106-H4 via RADSEC MRU  switch P84/2 and RADSEC
MRU  P84/1 for a transfer of 3.1 MVA

Hyde Park 496-H1 to Dewar Street 43-1490H via manual switch “A” at PMH5731 and the Station
breaker at Station 496 for a transfer of 3.5 MVA

Hyde Park 496-H5 to Brighton 506-140H1 via RADSEC MRU  and manual switch on P113/40 for
a transfer of 2.5 MVA

Total Transfer: 13.5 MVA

Summary of Concerns: Hyde Park Region:

Based on load projections, by in the summer of 2004 for a single-contingency outage of either
transformer 110A or 110B, Hyde Park Street Station 496 will exceed the load carrying capability
capacity. The new load will strain the capability of Hyde Park Station 496 substation and
distribution infrastructure to support the customer load requirements.

By the summer of 2008 for a single-contingency outage of either transformer 110A or 110B, Hyde
Park Station 496 could attain a loading of 112% of Load Carrying Capability and the load at risk
would be 21 MVA.

Transmission:

1. Loss of double circuit tower line 110-522 & 240-510 overloads 110-510/511 (Baker-
Washington Tap 115 kV lines). Due to this n-1 transmission constraint the load carrying capability
of Station 496 is limited to 164.5 MVA. (2004)

Distribution:
1. Hyde Park Station 496 over load carrying capability for (n-1) conditions (2004)
Hyde Park Station 496 - short circuit current /overloaded transformer secondaries (2004)
Hyde Park line group overloaded under contingency conditions (2004)
Roslindale line group overloaded under contingency conditions (2004)
4kV Stations 13, 60, 284 362, and 441 are overloaded under contingency conditions (2004)
4kV line 60-03 overloaded under normal conditions (2004)
14 kV Distribution circuits 496-H2 and 496-H3 (2005) and 496-H4 (2006) are overloaded

Nk WD
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under normal conditions.
8. 4kV lines 13-10, 13-11, 362-02, 441-01, and 60-06 (2008)
9. 4kV Station 441 is overloaded under contingency conditions (2008)
10. Jamaica Plain line group overloaded under contingency conditions (2008)
11. Brook Road line group overloaded under contingency conditions (2008)

Distribution Systems

DSS Lines

Four line groups (Jamaica Plain, Roslindale, Brook Road, and Hyde Park) were evaluated for N-1

conditions for projected 2004 and 2008 loading.

* The Jamaica Plain line group, which supplies the Shattuck Hospital, the Faulkner Hospital and
NSTAR 4kV Station 284, was found to have issues during the loss of line 536-76H in 2004 and
beyond. During a line outage at least a 25% of the load is at risk because the load transfer puts
the receiving line over its LTE rating. Line 313-80 becomes an issue in 2008.

e The Roslindale line group, which supplies the Roslindale Square Section of Boston via NSTAR
4kV Station 13, was found to have issues during the loss of any line in the line group in 2004 and
beyond.

e The Brook Road line group, which supplies the Town of Milton via NSTAR 4kV Station 362 and
direct 13.8kV distribution, was found to have N-1 issues beginning in 2008. Approximately 5%
of the load is at risk during a line outage because the line receiving the load transfer exceeds its
LTE rating.

¢ The Hyde Park line group, which supplies the Readville section of Hyde Park via NSTAR 4kV
Station 344 and direct 13.8kV distribution, was found to have N-1 issues with two of three lines
in 2004 and beyond.

) DSS wl“.ine

% of LTE - % M‘:A LTE - % Ml:{i‘:kat
Normal Load at Risk R?sk Load at 2008

2004 2004 p004 Risk2008
536-76H 48% 0% 0 1% 0
313-80 69% 0% 0 0% 0
284-79 1% 0% 0 7% 5
284-75H 82% 0% 0 0% 0
143-81XYH 45% 0% 0 0% 0
13-1419 87% 22% 2.1 40% 4.1
13-1418 84% 20% 1.8 38% 3.8
13-1417 96% 2% 0.1 17% 1.3
13-1416XY 102% 12% 1.3 32% 3.8
362-1209 86% 0% 0 6% 0.5
362-1207H 108% 0% 0 5% 0.5
344-1413H 90% 17% 1.3 28% 2.3
344-1412H 109% 0% 0 0% 0
344-1411H 46% 14% 0.5 34% 1.5

Loading on Hyde Park DSS lines.
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14KV Distribution
One of the six 14kV radial lines, 496-HS, is projected to exceed its normal rating in 2005. By 2008,

496-H2, 496-H3 and 496-HS will exceed their normal rating. The new Colburn Street Substation
will provide added distribution capacity to the Hyde Park.

e e R A AT § 51 A LN S 1 v P —

:'4 k\./ Summer Projected % Projected %
Radial Line Normal £
Rating in of Normal of Normal
2004 2008
496-H1 290 70% 74%
496-H2 360 99% 107%
496-H3 360 99% 107%
496-H4 360 91% 99%
496-H5 360 95% 110%
49%HS 360 80% L BT%
Loading on Hyde Park Station 14kV radial lines.
4kV Substation

Hyde Park Station 496 feeds seven 4 kV stations: Roslindale Station 13, Jamaica Plain Station 284,
Freemont Street Station 311, Readville Station 344, Brook Road Station 362, Cummings Highway
Station 441 and Cleary Square Station 60. Six of the seven 4kV stations supplied Hyde Park Station

496 are projected to exceed their long-term emergency ratings. The table below summarizes the
capacity of these 4 kV stations.

4kV Station 2002 LTE

2004
Peak Capacity Projection
(MVA) (MVA) (MVA)
Roslindale 13 12.0 13.7 14.2
Jamaica Piain 284 12.0 13.8 14.4
Freemont 18.6 18.2 18.9
Dorchester 311
Neponset Valley 12.0 9.3 9.7
344
Brook Rd Milton 6.0 6.0 6.3
362
Cummings 9.0 120 12,5
Highway 441
Hyde Park 60 6.3 7.4 7.7

Loading on 4 kV stations fed from Hyde Park Station 496

Proposed Integrated Plan

The suggested actions table listed below will address all of the capacity concerns in the region.

The proposed Colburn Street Substation will have a significant impact on the substation and
distribution capacity in the Hyde Park Station area. The substation and associated distribution
infrastructure will provide the foundation for all of the Hyde Park area capacity needs for the next 5
years. The development of the new Colburn Street 115/14kV substation will provide capacity to
relieve Hyde Park Station # 496. Prior to June 1,2005 the Colburn Street Station project will
establish several new lines which will support the relief of Hyde Park Station 496 by 20.5 MVA of
load. The new Colburn Street lines will allow for the release of Hyde Park feeders for use in the
Hyde Park supply area. The new Colburn Street station will supply Brookline Village and Jamaica
Plain area loads currently served by Hyde Park. The station relief provided by the Colburn Street
substation will provide the Hyde Park Station with adequate substation capacity to meet the capacity
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requirements of the Hyde Park supply area through 2008. The Hyde Park station relief will also
alleviate the n-1 transmission over load condition on the 110-510/511 (Baker-Washington Tap 115
kV lines during the loss of the double circuit tower line 110-522 & 240-510. The Colburn Street
project will address capacity issues on the Roslindale and Jamaica Plain line groups, and circuit
496-H3. The new distribution circuits will also create transfer capabilities between Hyde Park
Station 496 and the new Colburn Street Station # 350, allowing for increased substation transformer

utilization.

. Year Estimated
Action needed Cost
=> New Colburn Street Substation see Brighton Area 2004 - 05
= Installation of line reactors on 2 distribution circuits off of busses 1 &2 at Station 2004 $400K

Ly uy

y

U

496 reconfiguration of distribution circuits 496-H1 & H3 and instailation of ABR
schemes at 4kV Stations 311, 362 and 441

Partial conversion of 4kV circuit 60-03 to relieve circuit and station 60

Replace two 5 MVA 14kV/4kV transformers at Station 13

Install fans on three 5 MVA 14/4kV transformers at Station 284

Install fans on transformer 14A at Station 441

Relief of circuit 496-H5 to 496-H4

Install fans on transformers at Station 311 or Relieve Station 311 — Convert
portions of circuits 311-08

Install fans on transformers at Station 362 or Relieve Station 362 — Partial
conversions of circuits 362-02 & 05

Install new circuit from Station 483 to relieve the Brook Road line group or
transfer load to adjacent line

Establish new distribution circuit at Station 496 to relieve H-P line group or
transfer load to adjacent line

Install fans on transformers at Station 60 or Convert portion of 60-03 to relieve
circuit and station 60

Recommended course of action for the Hyde Park Region

2004-05 $500K

2004 $200K
2004 $50K
2004 $15K
2005 TBD
2005-06 TBD

2005 -06 TBD

2006 TBD
2008 TBD
2008 TBD
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2004 T&D OPERATING STUDY
MASS. AVENUE DISTRICT

STATION #514 KINGSTON STREET
Kingston Street Station #514N supplies the Downtown Crossing/Theater/Chinatown/Leather districts
of the City of Boston. In the summer of 2002, the Kingston Street Station #514N load was 124
MVA.

Prior to the 2003 summer cut-over (i.e. transfer) the Secondary Network Vaults and Tertiary Network
Vaults within the Leather District presently supplied from Kingston Street Station #514N to High
Street Station #53. This project transferred 18 MVA of load from Kingston Street Station #514N to
High Street Station #53 and restores the Leather district to its original (i.e. pre-Central Artery)
distribution network configuration and station supply. The cost of this work was reimbursed by the
Central Artery project. The load transfer from Kingston Street Station #514N to High Street Station
#53 will reduce the Downtown Crossing/Theater/Chinatown/Leather region’s load by 18 MVA.

Kingston Street Station #514N consists of the following transformers:
Transformer #110A: McGraw-Edison 84 / 112/ 140 MVA 115 to 14.4/14.4 kV
Transformer #110B: McGraw-Edison 84 / 112/ 140 MVA 115 to 14.4/14.4 kV

Kingston Street Station #514N total capacity is 280 MVA. NSTAR employs summer emergency
rating (cyclic capability) of 151 MVA for each of these transformer banks. The station has a firm
capacity of 151 MVA. As a secondary network station there is no transfer switching capability to
adjacent network stations. Kingston Street’s load carrying capability (i.e. firm capacity + transfer
switching) is 151 MVA.

Overload Ratings:

Transformer

110A

Nameplate
84/112/140 MVA

12 hour LTE, 90F Ambient
180 MVA

12 hour L.TE. 110F Ambient
168 MVA

110B

84/112/140 MVA

180 MVA

168 MVA

Station Capabilities:

Station I"irm RADSEC Transfer  Manual Transfer Total LCC

Capacity (L.'TL)

Total Station
Capacity (N)

280 MVA 151 MVA* 0 MVA 151 MVA
* Based upon loss of 110A/385-510 or 110B/385-511.
2004-2008 Projected load:
139 MVA 140 MVA 142 MVA 145 MVA 147 MVA
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Switching Actions:

Loss of Transformer #110A also isolates the 385-510 Line and Transformers 110A&110B @ High St

Open: OCB’s 8 & 9 @ Kingston St
OCB’s 10 & 11 @ K Street
Circuit Switchers CS770 (110A Tranf) and CS773 (110B Tranf) @ High St
Circuit Switcher CS771
Both Main 110A 13.8kV Circuit Breakers
Close: Nothing, bus tie operated normally closed
Manually close OCB’s 8 & 9 @ Kingston St
Manually close OCB’s 10 & 11 @ K Street
Manually close Circuit Switchers CS770 and CS773 and restore 110A & 110B @
High St

Loss of Transformer #110B also isolates the 385-511 Line and Transformers 110C&110D @ High St

Open: OCB’s 6, 10 & 11 @ Kingston St
OCB’s 17 & 18 @ K Street
Circuit Switchers CS776 (110C Tranf) and CS775 (110D Tranf) @ High St
Circuit Switcher CS770
Both Main 110B 13.8kV Circuit Breakers
Close: Nothing, bus tie operated normally closed
Manually close OCB’s 6, 10 & 11 @ Kingston St
Manually close OCB’s 17 & 18 @ K Street
Manually close Circuit Switchers CS776 and CS775 and restore 110C & 110D @
High St

Summary of Concerns:
1. Network feeders overloaded under contingency conditions (2004-2008)

The Downtown Crossing/Theater/Chinatown/Leather districts continue to evolve through various
development stages. The region is a highly mixed area including office buildings, hotels, residential
apartments and condominiums, retail shops, restaurants and entertainment that maintain a lively set
of activities both day and evening. Much of the impetus for the continued development comes from
the region’s being a vibrant and economically active portion of the city of Boston. The anticipated
development will significantly increase the load within this region.

Based on load projections, by in the summer of 2008 for a single-contingency outage of either
transformer 110A or 110B, Kingston Street Station #514N will be loaded at 97% of the firm capacity.
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Distribution Systems

14 kV Network Feeders

There are twenty-four network feeders supplied from Kingston Street Station #514N. By the summer
2004 six network feeders will exceed 100% of normal rating and another five will be heavily loaded
exceeding 90% of normal rating. The following table summarized the performance of the network
feeders.

14kV % of Projected % Projected%
Network Normal of Normal of Normal 2008
_ Lines 2002 2004 ©'TNormalsite
514-1IN11S 89% RIS G5%,
514-1N12N 51% 67% 71%
514-1N13N 48% 63% 6%
514-1N14N 29% 39% 41%
514-1N15N 64% 85% 89%
514-1N16N 115% 105% 111%
514-1N21IN 68% 89% 94%
514-1N22N 83% 109% 115%
514-1N23N 41% 54% 57%
514-1N24N 54% 71% 76%
514-1N25S GESL G, 100%
514-1N26S 79% 101% 107%
514-1N31IN 80% 105% 111%
514-1N32N 41% 54% 57%
514-1N33N 37% 49% 52%
514-1N34N 68% 89% Y4
514-1N35S A B9, 95%,
514-1N36S 82% 107% 113%
514-1N41IN 62% 82% 95%
514-1N42N 52% 68% 78%
514-1N43N 76% 100% 116%
514-1N44N 69% GG 104%
514-1N45S GV 955 110%
(514-1N46S  78% 7% 90%

Zc;ading on Paﬁgston Street Network Feeders.
Proposed Integrated Plan

The heavy loading conditions on the network feeders especially supplying the east grid within the
Kingston Street Station #514 network will be addressed by extending and reconductoring feeders within
the network.

. Year Cost
= Reconfigure 514-1N25S 2004 $100K
= Reconductor and reconfigure 514-IN36S 2004 _$100K
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-
=
=

=

Reconductor and reconfigure 514-1N45S
Reconductor 514-1N35S
Either reconductor 514-1N26S or transfer load to adjacent network

feeders
Reconductor 514-1N44N or transfer load to adjacent network feeders

2004
2004

2008
2008

$100 K

$100 K
TBD

TBD
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